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- Depending on the extent of concrete deterioration, conventional techniques
for repair of deteriorated concrete surfaces normally require the removal of
about 1 ft of face concrete, placing anchors and reinforcing steel mat, and re-
placing the removed concrete with new high-quality air-entrained concrete. This
type of repair is very expensive and can put a lock out of service for a long
period of time. At Lower Monumental, the cost of conventional repair was esti-
mated to be prchibitive, and the lock could not be taken out of service for morg
than a matter of weeks. A coating was needed that (a) could be applied in a
short period of time, (b) might prevent continued damage from freezing and thaw-
ing, and {c) would be permanent under the adverse service conditions.

Six coatings of various portland cement and fine aggregate mixtures were
pneumatically applied to a section of the lock wall for evaluation. Each was
applied at a thickness of approximately 3/8 in. A conventional dry-mix
shotcrete was used as the control material and was compared to fiberglass fiber-
reinforced mortar applied by the “spray-up® process with and without latex.&
Air-entraining cement mixtures were also compared to nonair-entraining mixtures.

An accurate account of construction equipment, procedures, and production
time was maintained, and "constructability" by these methods was evaluated.
Laboratory evaluation included resistance to oils, permeability at various pres-
sures, absorption, air-void size and spacing, resistance to freezing and thaw-
ing, tensile and flexural strength, and impact resistance. The latex-modified
fiber-reinforced material had essentially no permeability, high impact resis-
tance, and very high strength and suffered no damage due to freezing and thaw-
ing. Total coating of the interior lock wall with this mixture was performed
in March 1980.
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PREFACE

This report was prepared by the U. S. Army Engineer District,
Walla Walla. The publication of this report was funded as part of
Civil Works Investigation Studies (CWIS) Work Unit 31553, "Maintenance
and Preservation of Civil Works Structures."

This report discusses surface deterioration and repairs of con-
crete in the Lower Monumental Lock on the Snake River in Washington. It

~includes discussion of laboratory studies, testing, construction, and

field evaluation of the original concrete and of the various cementi-
tious coatings used for repairs.

Initial Taboratory investigations began in 1975. A full-scale
field demonstration of the repair procedure was performed in 1879. The
complete repair was accomplished under contract in 1980.

The lock is operated and maintained by the Walla Walla District.
Colonels Allaire and Thayer were District Engineers during the majority
of this work. Mr. Ernect K. Schrader, Foundations and Materials Branch,
was principal engineer for the project and wrote this report. Labora-
tory work was done at the Corps' North Pacific Division Laboratory at
Troutdale, Oreg., under the direction of Messrs. Orville Borge, Director,
and James Paxton, Concrete Branch Chief.

Director of WES during the preparation of this report was COL N. P.
Conover, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)
UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to
metric (SI) units as follows:

Multiply By To Obtain
cubic feet 0.3048 cubic metres
cubic yards 0.764555 cubic metres
feet 0.3048 metres
inches 25.4 millimetres

miles (U. S. statute)
ounces (mass)

.609344 kilometres

.028635 kilograms

.448222 newtons

.006894757 megapascals

.45359237  kilograms

.018463 kilograms per cubic metre
.09290304 square metres

pounds (force)

pounds (force) per square inch
pounds (mass)

pounds (mass) per cubic foot 1
square feet
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DETERIORATION AND REPAIR OF CONCRETE
IN THE LOWER MONUMENTAL NAVIGATION LOCK WALL

SECTION T - PROJECT DESCRIPTION

Lower Monumental Lock and Dam is a $230-million (1961 dollars)
project located on the Snake River about 40 miles* from Pasco, WA
(Plates 1 and 2). Initial construction began in 1961 and the project
was put in operation in 1970. The dam consists of a concrete gravity
structure, a six-bay powerhouse, and earthfill embankments (Plates 2
and 3). It has a total length of 3800 ft and an effective head of
103 ft. Included between the powerhouse and south embankment is a navi-
gation lock for passage of pleasure craft and commercial barges. The
lock chamber has clear dimensions of 86 by 675 ft and a 1ift height of
103 ft.

The lock is one of the links in the inland waterway from the
Pacific coast through Portland, OR, to Lewiston, ID, along the Columbia
and Snake Rivers. Because there are no alternate waterways or lock,
the transportation system stops if the lock is taken out of service for
repairs.

The environment at Lower Monumental is harsh from the standpoint
of concrete durability. The region does not have extreme winters where
the temperature drops below freezing and remains there. Instead, the
concrete is exposed to many alternate freezing and thawing cycles. This
exposure is exaggerated at the lock where each lockage can cause a cycle
when the water is Jjust above freezing and the air temperature is below
freezing. Temperature data for each month based on every other year
since the project became operational are given in Exhibit 1. The range
between highest and lowest temperature goes from 12° Fahrenheit to

111° Fahrenheit. Cycles of freezing and thawing based on daily ambient

* A table of factors for converting inch-pound units of measurement to
metric (SI) units is presented on page iv.
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temperature changes (a conservative estimate of total freeze-thaw cycles)

is also given in Exhibit 1. The average is 64 cycles per year. Lock

usage shown in Exhibit 1 indicates about 475 commercial lockages during ‘
the months of freezing weather each year. Currently, about 1400 commer- B
cial lockages occur each year and an estimated 12,000 commercial lock- ’
ages have occurred since the project became operational. :
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SECTION Il - CONCRETE DETERIORATION

Deterioration of concrete in navigation lock walls has caused
serious maintenance, aesthetic, operational, and safety problems at a
number of structures. Most of these are older structures built 40 or
50 years ago along the Mississippi River system and its tributaries,
but Lower Monumental lock is a new structure which has the same problem.
It is an irreversible condition for which conventional repairs are ex-
pensive. At Lower Monumental safety is of particular concern because
of the very high (103-ft) 1ift. If a Joose piece of aggregate fell from
the upper portion of the lock onto a pleasure craft or an individual,
serious damage, injury, or death could result.

Deterioration of concrete at navigation locks is typically the
result of an improper air-void system in the concrete and, consequently,
Tow resistance to damage by freezing and thawing. Repeated saturation
of the wall surface due to filling and emptying a lock, coupled with the
many cycles of freezing and thawing, progressively cause damage to the
mortar portion of the concrete. For two reasons, the extent of freezing
and thawing cycling and degree of damage are much worse for a lock cham-
ber surface than would otherwise be the case. First, not only is a
source of water always present to provide an approach to critical satu-
ration, but pressure from water in the lock can accelerate the rate and
depths of saturation. Second, when the ambient temperature stays below
freezing and is not going through damaging freezing and thawing cycles,
concrete in the lock chamber may be repeatedly frozen and thawed by
alternately being subjected to river water just above freezing and the
air temperature below freezing. In a high lock, the freezing point of
water absorbed in the concrete can even change due to hydrostatic pres-
sures from filling the lock.

The reason for an improper air-void system usually is that a struc-
ture was built many years ago, before the benefits of entrained air were

2-1
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appreciated, and it simply was not required. At Lower Monumental lock
the reasons were different. Aggregates for the concrete were natural
materials screened from river deposits. ODuring construction, it was
necessary to use an unusually high dosage of air-entraining admixture
in order to stay above the acceptable lower limit of required air con-

tent. It was checked at the time of batching and before placement.

-i
y
:

However, analysis of hardened concrete from the lock indicated that tne
actual air content was less than required and that the concrete had very
Jow resistance to freezing and thawing. Exhibit 2 contains the results
of those tests showing an overall average DFE of 49. Exhibit 3 contains
results of air content determinations showing only 1.6 average en-
trained air.

Because job records did not agree with the results of tests on the
in-place concrete, leftover aggregates from original construction stock-
piles were uncovered and screened to what records showed was used during
construction. Air contents immediately after mixing the concrete were
checked and found to be acceptable. Workability of the concrete at that
time was considered to be good. This represents the condition when
slump and air content tests would have been made on the project at the
batch plant. The laboratory mixture was then rehandled, allowed to sit

for 30 m, and vibrated to simulate hauling and placing. Exhibit 3

contains the results of these tests (NOTE: The data for Mix 386-9 were !
erroneously typed for Mix 386-18 in the report, page 3, of Exhibit 3,

and the data for Mix 386-18 were erroneously typed for Mix 386-9). The

workability changed drastically in this 30-m time delay. The mixture

lost slump, stiffened, and would "post hole" when vibrated. The tota)

air content for the fraction of the mixture passing the 19.0-mm (3/4-in.)

sieve dropped from 6.5 percent to 5.3 percent. Analysis of hardened

samples of the concrete showed that this change consisted of a 0.27 in- é
crease in entrapped air with a 1.47 decrease in entrained air. Beams
made immediately after mixing and after the 30-m delay both had good
resistance to freezing and thawing, with a DFE of 87 for the delayed

material compared to 90 for the specimens made immediately after mixing.
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However, the amount of surface relief and the percent weight loss was
about 607 greater for the beams cast after the 30-m delay. These re-
sults indicate that during construction, the air content immediately
after mixing was probably acceptable, but by the time the mixture had
been rehauled, placed, and heavily vibrated, the entrained air had
dropped significantly.

The premature stiffening problem was attributed to natural fine
aggregate in the river-deposited aggregate source. A petrographic analy-
sis of it is included in Exhibit 3. The material is essentially basalt
with some granite, quartz, and feldspar and about 67 of it consists of
porous, absorptive, or friable basalt particles and silty caliche. Some
of the basalt contained montmorillonite clay which is suspected of being
the cause of the stiffening problem. It was not a dust coating of clay
that could be washed off, but was contained within the smaller particles.
For subsequent concrete operations after the lock and south shore work

was completed, all fine aggregate was manufactured from material re-

tained on the 9.5-mm (3/8-in.) sieve. This eliminated the stiffening
problem and resulted in concrete that has held up very well to natural
weathering. ‘o

A complete explanation of factors that affected the air-void sys-
tem and what the phenomenon was that was responsible for requiring a
very high initjal air-entraining admixture dosage is not available.
There may have been a chemical or physical breakdown that occurred in ;
the mixture. The available explanation is that the fine aggregate, pos-

sibly because it contained montmorillonite, caused severe stiffening of
the mixture. This may have chemically affected the air-entraining capac-
ity of the concrete. It did reduce the amount of available water. Ex-
perience has shown that for very dry, no-slump mixtures, it is difficult
or impossible to obtain an effective air-void system. The very stiff

condition of the mixture necessitated considerably more vibration during
placement than is normal, and this may also have contributed to a reduc-
tion in effective entrained air, although it should not have done so.

2-3




SECTION III - REPAIR METHOD POSSIBILITIES
AND INITIAL LABORATORY STUDIES

Concrete deterioration at Lower Monumental was evident after
several years of operation. 1t progressed through the next few years to
the point where it became obvious that repairs would be necessary. The
lower areas of the lock chamber had the worst damage with 75-mm to 150-mm
(3- to 6-in.) aggregate fully exposed after about eight years of service.
In addition to repairing the badly damaged areas, a treatment was needed
that would prevent further deterioration of those areas not yet damaged
to the point of needing repair.

A conservative approach to repairs would have followed a procedure
similar to that used or proposed at other navigation locks such as those
in the Ohio and Mississippi River systems. This consists of removing
about the first foot of face concrete and replacing it with high-quality
air-entrained new concrete conventionally reinforced with steel and an-
chored to the existing mass with grouted bars. The cost of doing this
at low head structures would be very high and the repair schedule re-
quires long periods of time for construction. Even worse is the economic
impact caused by stopping or slowing the flow of barged goods during
repairs. At Lower Monumental this approach to repairs would be exorbi-
tant from the standpoint of cost, time, and shipping.

The Lower Monumental lock is one of the largest in the world with
a 1ift of 103 ft and draft of about 20 ft. The possibility of providing
a floating cofferdam or caisson which would span one monolith at a time
and seal to the lock wall to allow men to work inside of it while the
Tock remained in use was investigated. This would have allowed repairs
to be made without taking the lock out of service. Because only one
monolith could be worked on at a time, the project would stretch out for
many years. The caisson would be supported by only one monolith on
each side of the monoliths being repaired. A hazardous overload would

3-1
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be transmitted to them by hydrostatic pressure against the caisson. The
caisson would have to be designed to essentially be a floating steel dam
about 150 ft high, spanning about a 60-ft width, with a daily fluctuating
reservoir of 103 ft. The design would have called for an expensive and
massive steel structure too heavy and unwieldy to handle in the lock.

[t would have had to seal against the deteriorated lock wall and been
deeply anchored. Because the caisson would protrude out into the lock
chamber, the barges which typically go through as double-wide rafts
would have to split into single-wide rafts and make two trips. For
safety reasons, personnel working within the caisson would probably be
required to evacuate during each lockage. In summary, this concept for
repair was not feasible from the standpoints of construction time, de-
sign, practicality, and safety.

[f a conventional approach taking more than a few weeks' lock
outage period for construction were used, the only acceptable way to
make the repairs would be to provide transfer facilities around the lock.
This would have cost an estimated $13 million, and it would not have
allowed the passage of pleasure craft. An additional cost of about
$250,000 to the Government to maintain the lock in a long-term unwatered
condition would have been incurred. The estimated construction cost for
conventional "remove and replace” repairs at Lower Monumental was
$13 million in addition to the $13 million required for transfer facili-
ties, for a $26 million total cost.

A faster and more economical method of repair and prevention of
further deterioration of the lock walls was needed. If, after proper
surface preparation, a protective shotcrete coating could be applied to
the existing wall, large savings in time and material would result. Any
build-out would have to be minimal so that the effective lock width
would not be reduced. Areas of the structure where severe deterioration

and spalling occurred to depths ranging from several inches to several
feet would first be filled with concrete, epoxy mortar, shotcrete or
other patching material. The surface coating would then be applied over

3-2
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the patch. Smaller patches not mechanically anchored would be held in
place by bond and by the strength of the coating covering them. A pro-
gram was undertaken to evaluate six different variations of pneumatically
applied mortar coatings. In order to be successful, the coating would
have to cure rapidly, bond to the existing wall, be resistant to wetting
and drying and freezing and thawing cycles, have dimensional stability,
and minimal shrinkage due to moisture and temperature changes, prevent
the penetration of water through it even at heads of 100 ft while still
being able to breathe or relieve vapor pressure when the lock is empty,
be resistant to the impact of barges, have acceptable appearance, be
able to be applied at temperatures between 30° and 90° Fahrenheit on a
surface that would be near a saturated surface dry condition, and be
practical enough to apply in the field at a production rate of about
10,000 ft2 per day. A material meeting these prerequisites was not
located.

The most promising idea was to apply a shotcrete that would con-
tain modifiers which could enhance its qualities. The addition of fibers
could add toughness, resilience, impact resistance, strain capacity, and
other desirable properties. Impermeability, bond, rapid curing, and
minimal shrinkage could be provided by a latex modifier. Portions of
concrete from the lTock were removed, coated with a 3/8-in.-thick fiber-
glass fiber-reinforced latex-modified mortar, and tested to see if this
type of coating did, in fact, have potential for repair of the entire
Tock. A special test (Exhibit 4) was devised to simulate actual lockage
conditions during freezing and thawing cycles. The coated concrete
specimen is clamped in a jig that seals a ponding area over the coating.
Water is introduced into this reservoir and air pressure is applied to
develop hydrostatic pressures similar to those exerted against the lock
wall during a lockage. From these tests, pressures equivalent to heads
of 0, 25, 50, 75, and 100 ft were used. One beam was subjected to a
standard umpressurized rapid freezing and thawing test. After each thaw-
ing the test specimen surface was flooded and subjected to the specified
pressure simulating a lockage. That pressure was maintained for the
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duration of a lockage. The pressure was then released to simulate empty-
ing the lock and the specimen was refrozen. After freezing, it was
thawed and the cycle was repeated.

At first the results were disappointing (Exhibit 4). Resistance
to freezing and thawing ranged from poor to excellent. But, investiga-
tion showed that the mortar coating contained latex and had inadvertently
not been allowed to air dry (proper cure for a latex-modified mortar)
before being tested. This resulted in the poor resistance to freezing
and thawing. Because the test specimens failed from the coating surface
down, the coating did protect the base concrete from freezing and thaw-
ing damage. It was concluded that the system would work if the coating
itself did not deteriorate. It was also thought that excellent freezing
and thawing resistance could be achieved if the coating were allowed to
air dry before being tested. The 3/8-in-thick mortar coating was remade,
both with and without latex. Samples of the coating were then subjected
to standard rapid freezing and thawing testing. The results (Exhibit 4)
confirmed what was expected. The mortar made with fiberglass fibers but
no latex failed, but the ones which contained fiberglass fibers and latex
showed no damage. Other material properties were also very favorable.
The coating was very tough; it handled well, and it had very high
ductility.




SECTION IV - FIELD DEMONSTRATION

MIXTURE PROPORTIONS

The next steps in evaluation of the specialized shotcrete method
of repair and protection were to demonstrate its field practicality,
thoroughly test the material properties of field-cast panels, and ob-
serve the field performance after a year's exposure to actual operational
conditions. A field test was performed on the lock wall by a contractor
under fixed bid in 1979. The test section served as a demonstration area
allowing comparative evaluation of the performance of coatings without
latex and fiber, without latex but with fiber, and with both latex and
fiber.

The question had also been raised as to whether a pneumatically
applied mortar coating by itself would have sufficient resistance to
freezing and thawing if it contained entrained air. A search was made
to find out if and how entrained air had been reliably and effectively
introduced into pneumatically applied mortars. The results showed that
this had been attempted, but was always unsuccessful in both the wet and
dry mix process. In some instances oral reports were received that this
had been successfully done but when checked further there never was an
analysis to check the actual air content, bubble size, buhble spacing,
or actual resistance to freezing and thawing in critically saturated
conditions. It seemed possible that by using air-entraining cement, an
effective air-void system could be realized. This variable was therefore
included in the field trial mixtures and the follow-up laboratory test-
ing. The six resulting trial mixtures based on one-cubic-yard batches
are shown in Table I.

The mixtures containing fibers required a very high cement factor
in order to coat all of the fiber surface area with paste. Each factor
is composed of over 100 fine filaments. If this high cement factor were

4-1




T — pp—

‘pasn sem Xucwpmmm:ou {BJ(3oead 3S3tup Sy poSULWJIIBP BQ JOUUERD FUIIUOCD 433em |enidy  (G)
‘y 9dLy ‘p6v I WISY But3adw 3onpoad Auaejalsdosd e sem yyM  (b)
*SpURAIS
Buoj-"ul-p 0JUL BULADA SNONULIUOD WOJAY IND SudGL) SSeL6 Juepsisaa-piexle asam sadqLy (g)
‘uoLS|nWa xaje| 40 qf 00l 4ad g 2 30 dled
2yYy3 3P S3JNIXLW X33°| ||B 03 pappe sem juabe weoj-ljue uy °SpL{OS %gp paulejuod x33e] (2)
*3|Zzou 3y3 e unb 3je4Ed3S B WOLy Wayl buimo(q
pue Burddoy> Aq Suaqlj 3yl sppe pue unb 39M 3anssadad-Mo| e s$3sn ssadoud dn-Aeuds 3am 3y) (1)
:S3L0N
201 (v) 5L 098 (e) aL 211 (2) "9 025 v-I 0zLT (1) dn-Aeads 3am "9
2Lt (v) s¢ 098 (¢) "qu L1 (2) -4 0es 1 02Li {1) dn-Aeuds a3 'S
€99 (v) 8¢ 506 (e) "9l gat 3uoN  y-1I 0181 (1) dn-Aeuds 1amM v
£99 (v) S 506 (e) -qt g2t SuoN 1 0181 (1) dn-Aeads 31ap 't
(s) 9UON Sbie AUON JUON  y-1 089 ung £4q 2
(§) SUON Sy/i2 uoN 3UoN  III 089 ung £ug 1
gl ‘491eM ZO ‘aunxiwpy q| “a38b0.4bby S49qlL 4 X33e7 adA| q ‘3judiuo) 94Npa0Ld 24NIX LW
buLonpau But4 Jusws) uauwd) uoigeotddy
-43%eM

SIYNLIXIW TWIdl 01314

I 3gvl

4-2




[ _— —

used for conventional shotcrete, failure of the material due to shrinkage
and volume instability would have been expected. In the glass-fiber mix-
ture, the fiber composite provides high strength and strain capacity
needed so that shrinkage, cracking, and failure are eliminated or mini-
mized. Hence, a marked variation in cement factor between the trial mix-
tures was used.

Typical glass fiber mixtures use fiber contents about double the
amounts used in the trials. They also use fibers on the order of 1/2
to 1 in. long instead of 4 in. long. For the lock application it was con-
sidered unnecessary to have such a high fiber concentration. It was also
thought that the Tonger fiber length and expected lower water-cement
ratio would help compensate for loss of material properties resulting
from less fiber, while improving dimensional stability under thermal and
humidity changes.

Because of the high cement content and method of application,
water-cement ratios for the glass fiber mixture without latex were only
about 0.36. Because the latex acts as a fluidifier, the effective water-
cement ratio for it was only 0.26 (which includes water contained in the
latex solution). The latex solids were about 15 percent of the cement
weight. These low water-cement ratios were one more reason why the very
rich mixtures did not exhibit a problem with shrinkage and dimensional
stability.

[t should be pointed out that the saran-based Tatex used was se-
lected because it had exhibited the best initial laboratory strengths
and was only slightly more expensive than other polymer modifiers. How-
ever, the improvements over a styrene butadiene latex were not very
great. If the latex were to be used over steel, with steel fibers, or
over a reinforced concrete section with little cover, another latex

would have been selected, since the one selected contains chlorides which

might result in attack on the steel and damage to the concrete.
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APPLICATION

The navigation lock was built with standard construction with each
wall being composed of 16 monoliths cast in place next to each other. A
vertical joint separates each monolith from the next. Concrete for each
monolith was placed in 5-ft-high 1ifts. The lock chamber face of mono-
1ith 9 had various degrees of surface deterioration ranging }rom minimal
at the top to severe at the bottom. It was divided into six equal 10-ft-
wide strips running from the top of the lock down to tailwater. Each
strip was coated with one of the trial mixture proportions.

The first, and perhaps most important step, was preparation of the
existing surface. Contract specifications, as stated below, were clear
with regard to what was to be accomplished during the surface preparation
phase:

“Prior to applying any of the shotcrete coatings, the surface
shall be prepared by removing all Toose, unsound, and friable
material and by removing all surface contaminants such as

dust, silt, old curing compound, organic ygrowth, etc. The
purpose of applying the coatings is to prevent continued de-
terioration of the mortar portion of the concrete. Due to
deterioration that has occurred to date, much of the mortar

is very poor, cruunbly, and friable. A1l of this unsound mate-
rial shall be completely removed prior to application of coat-
ing. Any cleaning procedure that safely and thoroughly per-
forms this cleaning without undercutting exposed aggregate will
be acceptable. However, the procedure used will be subject to
the approval of the Contracting Officer after field demonstra-
tion. Some possible cleaning procedures are high-pressure
waterjets, air-water cutting, sandblasting, mechanical brushes,
or a combination of these techniques...."

Unfortunately, the surface preparation actually provided was less
than desired. A water wash with questionable pressure was used for
cleanup. In some areas this worked satisfactorily, but in other areas
the surface afterward had loose friable mortar between large aggregate
particles which could easily be removed by hand or with a screwdriver.
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As unfortunately is the case in many construction projects, con-
tract administration and scheduling problems did not permit proper clean-
up of all areas prior to application of the new materials. The effects
of this will be discussed later. Aside from evaluation of the various
mixtures used, the project served well as a demonstration of the impor-
tance of obtaining an acceptable surface upon which to apply any
shotcrete.

In all of the mixtures, materials were batched and blended at the
top of the lock and were then brought to the work platform at the appli-
cation location. Mixtures 1, 3, and 4 were applied from a hanging plat-
form of limited width which congested working conditions and did not
allow the nozzleman to follow good practice. Mixtures 2, 5, and 6 were
applied from a much larger floating barge.

The conventional dry-mix shotcrete used a typical concrete sand.
The thickness was built out in a single layer. Following application of

the mixture the contractor applied a cement-rich "flash coat" as his
standard practice. Unfortunately, in his eagerness to do a good job, the
contractor over-built the thickness and added the flash coat, neither of
which was desired. This made comparative evaluation and some of the in-
formation desired on thinner coatings more difficult, or impossible to .
attain. The work crew consisted of six men. Three of the men handled
mixing of the cement and sand; one man was at the nozzle, and one man
checked the depth of the coating. It took 6 to 8 h to complete the
10-ft-wide, 115-ft-high strips. Rebound was estimated at 15 to 17° by
comparing a visual determination of the volume of rebound collected to
the volume of material applied. Shooting was done with an experienced
crew, but because the hanging scaffold from which the nozzleman worked

was only a few feet wide and close to the wall, it was impossible to
shoot directly at the wall without being too close (Plate 4), E

The glass-fiber-reinforced materials were applied using the stan-
dard "spray-up" process which applies a wet mixture at low pressure,
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while the fiberglass fibers are chopped and blown against the surface
simultaneously with the mortar. The thickness of material appiied was
only about 1/8-in. per pass and the surface was rolled with what looks
like a serrated paint roller between passes. This pressed the glass
fibers into close contact with the mortar. A mat of material resulted
which could actually be lifted off in sheets, but which also would sag
if too much weight was added too fast.

Because the spray-up process has historically used a fine sand for
the aggregate (usually 20/30 pre-bagged sand), the Government contracting
Officer agreed to the contractor's request to switch from bulk concrete
sand to the pre-bagged finer material. At the end of the job, one test
panel was also made for laboratory evaluation with the coarser specified
sand. This mixture turned out to work well in the spray-up equipment,
had less tendency to sag, and gave the best results in all laboratory
tests.

Problems were encountered by one of the contractor's less experi-
enced crews when they began spraying the latex-modified mortar under
ambient temperatures of 80° F and higher. The material would thicken or
develop Tumps and plug the equipment. The second work crew had no diffi-
culty with the material, but they were more experienced, used a conven-
tional mortar mixer rather than the "high-shear" mixer, used the minimum
hose lengths necessary, and followed close quality control procedures
(accurate weighing of batches, pre-mixing the latex solution, use of the
flow cone to control workability, careful measurement of the antifoaming
agent, etc.). Instead of working from the hanging scaffold, this crew
worked from a floating platform with adeguate room (Plate 4). As work
progressed from the top down, the platform was lowered about 5 ft at a
time by slowly emptying the navigation lock. The newly exposed surface
which had previously been prepared by removing loose materials was blown
dry (SSD) just prior to applying the coatings. Including the time re-
quired for all of the incremental lowerings of the lock and for blowing
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the surface dry, the crew was able to achieve an overall production rate
of over 30 square yards per hour. The work crew consisted of six men.
Rebound was estimated less than five percent.

EVALUATION

Evaluation of the various mixtures and application procedures con-
sisted of three basic phases: (1) determining the practicality and
speed of application of the coatings using construction crews under true
field conditions; (2) extensive laboratory evaluation of test panels
made and cured in the field; and (3) evaluation of physical performance
of the in-place material after one full year of service.

The field applications showed that with experienced crews and
proper planning, any of the coating materials could be applied at a rea-
sonable rate under difficult field conditions. If the width of the test
panel sections had been greater, the rates of application would have been
much greater. The field work also showed that air-entraining cement
could be used in any of the mixtures, but that the benefits, as discussed
below, are doubtful. From a practical standpoint, the demonstration
showed that the latex mixtures had a natural advantage over the conven-
tional mixtures because their use permits a drying period instead of
moist cure after application. Good moist curing or properly applied and
protected curing compound is typically difficult to obtain in the field,
especially on a job like this one where men are working below and adja-
cent to a 100-ft-high previously applied surface.

Field cast specimens 10t against rigid plywood boards were re-
moved from the board and t: .mmed to a thickness of 5/16-in. for testing
so that they would all be of the same thickness. This allowed more ac-
curate comparison of data and duplicated the design, thickness for fu-
ture work. The tabulated results of laboratory tests are given in
Tables Il-a and II-b.
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Type [A cement was used on each of the three basic formulations

(no latex-no fiber, no latex-with fiber, with latex-with (fiber) to see

if controllable and effective air entrainment could be accomplished. 'i
It was checked "as shot" in the wet-mix process as it came from the 1
nozzle. This could not be done for the dry-mix process because of the
basic equipment and process. A microscopic examination was later made
from samples of each mixture sawn from all of the hardened field coatings
after cure. The only mixture which had sufficient effective air bubbles
(Tess than 1-mm in size) to provide some resistance to freezing and thaw-
ing was one of the batches made with latex and fibers. However, this

one test result is suspicious. It does not agree with the results of
other batches made with the same mixture preportions and may not have had
the correct admixtures. Also, the resistance to freezing and thawing
obtained with this material probably should be attributed to the imper-
meability provided by the latex. The results of the rapid freezing and
thawing test on hardened material samples varied considerably for differ-
ent samples of some of the same mixtures. However, the data do posi-
tively show that Tatex mixtures without entrained air can give extremely

good resistance to damage by freezing and thawing.

Alternate wetting and drying and freezing and thawing cycle test-

ing gave results similar to the rapid freezing and thawing tests. Wet-
ting was done by soaking the samples in water for 6 h after drying them
for 6 h at 20600 F.

Soaking the samples in petroleum (kerosene) had no significant
effect.

Specialized tests of permeability and flow were performed to deter-
mine if the coatings could effectively prevent the penetration of water
under various pressure heads simulating the water depths of the lock.
These determinations were made by maintaining a constant head of 5, 50,
and 100 ft against field-cast test specimen. The spray-up materials,
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with and without latex, performed well. Conventional shotcrete performed
very poorly. The latex mixtures with fibers had essentially no flow or
permeability, regardless of head.

Unit weights of the different mixtures varied, but, in general,
conventional shotcrete had the greatest unit weight, and the glass-fiber
spray-up materials had unit weights of about 5 less.

Absorption for the conventional shotcrete was slightly less than
that of the higher cement content spray-up coatings. It is expected that
if fiberglass fibers were not used in the spray-up mixtures, the absorp-
tions would have been much less. Fiber filaments that are exposed prob-
ably tend to act like a wick, absorbing some moisture.

Flexural strengths were determined on the thin coatings, using a
specimen 2-1/2 in. wide and 12 in. long. A 10-in, simple span with third-
point Toading was used. Test results ranged from typical values for
conventional shotcrete (890-psi average), to very high strengths for the
spray-up materials (3250-psi maximum). During testing the spray-up
specimens deflected as much as 3/4 in. without breaking apart.

Direct tensile strengths were also run on thin sections. Results
ranged from 225 psi for conventional shotcrete to 1580 psi for spray-up

material with latex.

Impact tests were performed using the procedure recommended by ACI
Committee 544.1) Basically, this test consists of placing a hardened
steel ball on top of a 6-in.-diameter disk of the test material, and im-
pacting the ball with a standard 10-1b drop hammer, falling 18 in. The
number of blows required to crack the test specimen and the number of
blows required to spread the cracks or separate the test specimen were

0 ACI Committee 544, "Measurement of Properties of Fiber-Reinforced
Concrete,” ACI Journal, July 1978.
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recorded. The conventional shotcrete cracked and separated at one blow

of the test apparatus. The spray-up materials with fiber typically re-

quired nearly a hundred blows to crack, and marny more blows to separate

the crack. The glass fiber mixtures with latex that were applied by the
more experienced crew never failed.

After a year of being in service, the condition of the various
coating materials on the lock wall were closely inspected. Cores were
taken in typically good and poor areas of bond for each type of coating.
Plate 4 contains a photograph of typical cores. Following are observa-
tions of the condition of the field coatings after one year of service.
Although only one year of service had been experienced, the environment
in the Lower Monumental area subjected the coating to a thorough test.
From field performance, coupled with the lab data, positive conclusions
can be made.

Mixture 1: Conventional Shotcrete, Type 1II Cement. Hollow (de-

bonded) areas were present on most 1ift sections. The sizes of the de-
bonded areas varied conciderably, ranging from a few inches in diameter

to nearly the entire 1ift section. A number of fine cracks were present.

Although debonded areas and fine cracks were present, the coating sur-
face itself was generally sound, with essentially no change in appear-
ance (with the exception of fine cracks) from the previous summer,

Mixture 2: Conventional Shotcrete, Type IA Cement. The fine

cracks evident here did not appear to be as numerous as in Mixture 1.
Also there appeared to be fewer hollow areas as compared to Mixture 1.
In this section, a large crack in the monolith was noted during applica-
tion of the coating. This crack reflected through the coating as one
tight crack, with no spalling around it.

Mixture 3: Glass-Fiber-Reinforced Shotcrete, Type I Cement. No

fine cracks were evident in this section, and very few debonded areas
were present. It should be noted that the preparation of the surfaces
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prior to application of coatings the previous summer was observed to be
better on sections where Mixtures 3 and 4 were applied, as compared to
the other four sections. The observations after one year of field ser-
vice help to confirm the importance of good surface preparation. The
surface of this coating (and that of Mixture 4) showed essentially no
change in appearance from the previous summer.

Mixture 4: Glass-Fiber-Reinforced Shotcrete, Type IA Cement. A

few fine cracks were noted in only one area. The overall percentage of
debonded areas on this section was very low.

Mixture 5: Shotcrete Containing Glass Fibers and Latex, Type 1

Cement. No fine cracks were evident in this section. No hollow (de-
bonded) areas were evident on the upper 1ifts. However, some of the
lower 1ift sections were almost completely debonded. After one year of
field service, this section (and that coated with Mixture 6) were not

as good with respect to bonding to the substrate, as were the sections
with glass fibers alone. However, this is attributed entirely to differ-
ences in preparation of the surfaces prior to coating.

Mixture 6: Shotcrete Containing Glass Fibers and Latex, Type IA

Cement. WNo fine cracks were observed in this section. No debonded areas
were evident on the upper 1ifts, but numerous hollow areas were present
in lower 1ift sections, with some sections having completely peeled-off
in large sheets. However, immediately next to some of the peeled-off
areas, the bond of the coating to the substrate was excellent. As with
all other sections, the surfaces of sections coated with Mixtures 5 and

6 showed essentially no change in appearance from the previous summer.

Results of Tests on Core Samples: Visual examinations of cores

indicated that hollow sounding areas were, in fact, delaminated, and the

anticipated well-bonded zones were found to be sound. These observations
confirmed that the debonding failures were caused by improper surface
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preparation. The coatings in such instances were found to be bonded to
the mortar from the original (unsound) surface, but the weak surface
mortar had peeled away from the rest of the concrete, thereby causing
the failure (Plate 4).

RECOMMENDATIONS AND CONCLUSIONS

Based on laboratory tests and field trials, the following conclu-

sions and recommendations were made in 1979,

Coating systems, such as the fiber-reinforced-latex-modified sys-
tem should be extremely effective in terms of time and cost savings when
compared to the alternative of removing perhaps 1-1/2 ft of lock wall
concrete, placing anchor bars into drilled holes, and replacing the con-
crete with new concrete. Based on combined field and laboratory evalua-
tions, a contract should be issued to coat the deteriorated lock wall
surface at Lower Monumental, during a three-week period, with a thin
sprayed-on fiberglass fiber-reinforced-latex-modified coating.

laboratory and field evaluation of sample panels indicated that
overall the best performance can be achieved by a combination of glass
fibers and latex, followed in order by glass fibers alone and by conven-
tional shotcrete. The superiority of the latex mix is especially appar-
ent in the permeability, flow, and freeze-thaw tests. These also were
the most important tests for the Tock wall use of the material.

Proper surface p-eparations are absolutely essential prior to ap-

plying and coating.

Air-entraining cement did not produce adequate entrained air in
any of the mixtures used, regardless of mixer type and regardless of

whether the wet-mix or dry-mix process was used.
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In determining which coating materials to use in future lock wall
repairs, a careful cost/benefit evaluation should be made. Based on
present observations, it is likely that conventional sholcrete will give
a few to several years of good service. The glass-fiber and glass-fiber-
latex coatings will give better service for successively longer periods

of time, but at respectively greater initial cost.




? SECTION vV - REPAIR CONTRACT

Based on laboratory tests and the field demonstration, it was
decided that the lock could and should be repaired by coating it with
the latex-modified fiberglass-reinforced mortar. As early work pro-
gressed on preparation of bidding documents, the job presented a
number of interesting problems and questions. Some of the more inter-
esting ones were:

1. How should surface preparatiori be specified and how could the
Government reliably get satisfactory results?

2. How could the understandability high-risk factor that cont: ac-
tors would apply to the job be minimized?

3. Should the job go out as fixed price to a low bidder, should
it be negotiated, or should it be "cost-plus"?

4. Could "sole source" materials be used? % |

5. Should the job be set aside for small businesses?

6. Since there could be no time extgension, how would partial pay-
ment be handled if the job was only partidlly completed? |

7. What prequalifications of bidders ¥nd the workmen should be ‘

required, if any?

8. How should the technical provisions of the specifications for

which there were no guides be worded?
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SURFACE PREPARATION

The success of the repairs was totally dependent upon satisfactory
surface preparation. No matter how good the coating itself was, it
would be useless if it did not bond to the existing wall. During the
field demonstration, difficulties were encountered in getting an ac-
ceptably prepared surface. There always was a question of “how clean
is clean.” The contractor, designer, and field inspectors all had
different concepts of what could and should be accomplished. Results
of the field demonstration clearly showed that if the surface is not
cleaned of all loose, unsound, and friable materials, the coating will
become loose and fail.

Prior to preparing the bid documents, several additional surface
cleaning trials were made under purchase order and time and materials
arrangements to verify that with properly operating and used high-
pressure water-jet equipment, the surface could be satisfactorily
cleaned. Sandblasting equipment, wire brushes, hand chipping, and
air-operated scabblers were also tried by the Government designers.
The benefit of this experience was passed on to the bidders through a
prebid conference, discussion on the technical provisions of the bid-
ding documents, and with photographs of the work which also became a
part of the bidding documents. Exhibit 5 contains the actual bid docu-
ment and contract wording with regard to surface cleaning. Plate 5
contains photographs of some of the Government's surface cleaning
experiences which were also part of the bid documents.

There is no device or test which could be used to measure the
degree of "clean" necessary and actually achieved. It was totally a
judgmental thing based on a description expressed in the bid documents,
This caused concern among the Corps' contract administration group but
was an unavoidable situation. In actuality, for the main repair con-
tract it did not turn out to be a problem. The situation is not really

any different than occurs when preparing lifts of mass concrete for
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subsequent placements or when preparing a foundation for concrete or
earthfill. Good judgment must be used and there is no qualitative test
that can be applied. To minimize disagreements and the application of
different standards by different inspectors, and to establish with the
contractor right from the start what would be acceptable, the contract
required preparing "sample areas" before progressing with clean up of
the entire lock. This was done in areas of minimal, medium, and ser-
ious deterioration. The contractor's foreman, field supervision, and
company owner were there. The Corps had its designer, shift supervi-
sors for inspection, and head of the construction administration divi-
sion present. The equipment to be used in the actual cleaning was
used in the demonstration. Agreement was easily reached as to what
was required and what was an acceptable condition. This standard was
then used throughout the job.

Most of the actual cleaning was done between lockages over a
three-week period before the lock outage and actual spray-up coating
operations began. High-pressure water-jet equipment was used and nor-
mally operated at about 10,000 psi. As the nozzle tips would wear out,
the pressure would start to drop to about 7,000 psi. New tips were
then installed. Both the pressure and angle of the jet were critical
to effectively remove unsound materials. Occasional handchipping was
used to supplement the water jet where it just didn't clean well
enough. Usually the unsound mortar was about 1/4-in. to 3/8-in.
thick and flaked off easily. For most of the area in the lower portion
of the Tlock, scaling had already occurred to a depth of 1/2 to 2 in.
in the mortar, severely exposing the large aggregate which itself was
quite sound. Plate 5 shows the cleaning operation.

BIN DOCUMENTS

The bidding documents were very specific and descriptive. They
included a narrative of what the problem was and the repair objectives.




Discussions of Government experience with such things as satisfactorily
cleaning the deteriorated surface were included in the specifications
for the bidder's benefit. The “drawings" included photographs of the
project and developmental work. Specifications required use of exper-
ienced and trained key personnel and workmen. An extensive quality
control program was clearly spelled out and a detailed CPM was required.
The most applicable parts of the bidding documents are contained in
Exhibit 5. There were no modifications to the bid documents after they
became the contract. There also were no claims.

Some of the most important aspects of the bidding stage were to
first interest contractors into bidding the specialized high-risk proj-
ect, then to minimize the risk, and finally be sure the bidders under-
stood the project. The specifications were written with more dialogue
and in a more descriptive manner than normally would be done. Comments
from bidders showed that they appreciated this approach, especially the
discussions about what the purpose of the project was and what the
Government experience had been with cleaning and application of the
coating.

A pre-bid conference was held which included a question-answer
period and open dialogue between bidders and the designer, inspection
crew, and operational personnel from the project. The designer ex-
plained what the concrete problem was and what this repair needed to
accomplish., A slide show was given showing the previous year's trials
and the surface cleaning procedures. Contractual problems experienced
during the trials were discussed. After the conference a tour through
the lock was conducted. Ten contractors attended the conference, in-
cluding the successful low bidder. The pre-bid conference was probably
one of the reasons for the success of the job and the lack of claims
and modifications.

The process to be used for securing a contractor was not clear-
cut at first. Because of the highly specialized nature of the job,
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consideration was given to negotiating a contract with a qualified and
experienced contractor. Consideration was also given to doing the
work on a "time and materials" basis. It was finally decided that the
job should be put out as a fixed-price low-bid contract. There are
perhaps 5 to 10 contractors in the United States that would be able to
do the amount of spray-up coating required on this job with skilled
applicators. Most of these are small organizations that work under
controlled plant conditions and make precast panels. They would need
the support of a large construction contractor to organize, mobilize,
access, and manage the lock repair in a remote site. It was decided
that there would be sufficient qualified contractors or joint-ventures
to get competitive bidding if the standard low-bid process were used.

The method of measurement and payment for the job was also debated.
Options included paying for man hours, equipment rental, and materials;
one job lump-sum; and paying by the square foot for surface preparation
and satisfactory coating. Because the total area to be done was easily
defined and the mix was clearly established, it was decided to simply
pay for mobilization as one item with the actual work as the only other
item. Progress payments were made based on actual invoice records for
mobilization costs and for the percentage of actual areas completed.
Interim payments were made on a two-week schedule.

The lump-sum instead of unit-price method of payment had distinct
advantages and disadvantages. It greatly simplified record keeping and
accounting. However, if the job were not completed in the very tight
construction time allowed, the value of the completed work would be
difficult to establish. 1In actuality, the job would at that time prob-
ably have been subject to claim and negotiations anyway, so having a
unit-price item would only have given a starting point for the arguing.
Having a lump-sum pay item had a psychological advantage. It Tleft
no doubt that the intent was to finish the entire job - not just as
many square feet as could easily be done - and that the amount paid was
fixed.

5-5




Permission from higher authority was required to specify sole
source material suppliers for the fiber glass fiber and the latex. It
was easily justified based on (1) the fact that all developmental work
and testing had been with these materials and there was a possibility
that materials from another source would not be successful and this
did not allow comparative testing, and (2) they were the only known
sources that would meet the "Buy America Act" requirement.

Permission was also necessary to gain relief from putting the job
in the "Small Business Set-Aside" category. This was justifiable in
order to get competitive bidding and to let the small contractor who
had the spray-up expertise but not the financing or organizational
capability do the work as a subcontractor to a reliable large prime
contractor.

The Government estimate and three bids were as follows:

Surface Preparation

Mobilization and Coating Total
Government $145,600 $ 885,000 $1,030,600
Bidder 1 437,000 742,057 1,179,057
Bidder 2 419,000 933,000 1,352,000
Bidder 3 900,000 1,046,000 1,946,000

The Government estimate was originally $937,000 total, or 25.8 percent
below the first low bidder. A review of the estimate found errors
which increased it to $1,030,600 or well within 25 percent of the low
bidder which was a criterion for award of the contract.
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CONSTRUCTION

The contractor, Premier Waterproofing Company, Denver, Colorado,
is a reputable small general contractor experienced with various forms
of specialty concrete construction, but who at that time had no exper-
ience in the spray-up process. The specifications clearly required
various degrees of experience for the nozzlemen and actual applicators.
The foremen were required to have had at least two years' experience
with shotcrete and at least two of the nozzlemen were required to have
served at least six months' apprenticeship with the same type of equip-
ment used on the job. All other nozzlemen were required to have had
at least two weeks' of "hands-on" training. Each spray-up crew was
required to demonstrate their ability to perform satisfactorily and to
apply coatings of the required quality by placement.

The contractor met these requirements in two ways. First, he
hired all available experienced spray-up crews from two companies that
specialize in this work. One was from Maryland and the other was from
California. Second, he set up a training center in a warehouse for
his own personnel and had them practice for two weeks before going to
the jobsite. During this training, a knowledgeable factory represent-
ative for the fiberglass supplier gave "hands-on" instruction and one
of the experienced crews worked with the new crews for about two days.
After meeting the minimum experience requirements, each nozzleman made
a sample panel from which test coupons were cut. These were examined
visually for laminations, porosity, fiber distribution, and appearance.
They were then measured for thickness and subjected to center point
flexural testing. The panels were made on two different occasions and
tested by the same laboratory, but at different ages. Results were as
follows:




GROUP 1

22 Panels, 44 Coupons, 2 days' age when tested.

Thickness: Average = 11/32-in.
Range = 1/4 to 1/2-in,
Standard deviation = 1/16-in.
Coefficient of variation = 20%

Flexural Strength: Average = 4,910 psi
Range = 1,997 to 7,261 psi
Standard deviation = 1,276 psi
Coefficient of variation = 26%

Appearance: Density, fiber distribution, and general
appearance ranged from fair tc good.

GROUP 2

11 Panels, 22 Coupons, 5 days' age when tested.

Thickness: Average = 3/8-in.
Range = 1/4 to 9/16-in.
Standard deviation = 1/8-in,
Coefficient of variation = 30%

Flexural Strength: Average = 6,491 psi
Range = 4,428 to 8,743 psi
Standard deviation = 1,255 psi
Coefficient of variation = 19%

Appearance: Density, fiber distribution, and general
appearance ranged from good to excellent.

The mix used for all trials was the same as specified and used
throughout the contract work. It was identical to the latex-modified
glass-fiber-reinforced sprayed-on mortar coating used in the field
demonstrations of the previous year. The batch weights and volumes
were as follows:

Approximate i
Item Weight, lb/cu yd Volune. ft !
Water 245 4 !
Cement 1,720 9
Fibers 117 1
Latex 520 7
Fine Aggregate (SSD) 860 5
W.R.A., oz 75
Air 3.7% 1
o7 Ft.3
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The cement used was portland cement Type I-11. The fibers were
single-strand, multiple-filament, alkali-resistant fiberglass. The
latex contained approximately 50 percent solids and an antifoaming addi-
tive. The fine aggregate was presacked sand. The water-reducing agent
met the applicable requirements of ASTM C 494,

The contract allowed the use of Government-furnished and stock-
piled fine concrete sand or prepackaged contractor-furnished manufac-
tured sand. The concrete sand had a better particle-size distribution
and in the trials gave the best results, but its larger particle size
made it possibly more susceptible to plugging the small nozzle aperture
and the problems of handling it in bulk outweighed the minor increase
in cost for the contractor to supply his own packaged material. The
prepackaged sand also eliminated problems with variations in moisture
content and grading that otherwise could be expected in an open bulk
stockpile. Fine aggregate gradings were as follows:

Percent Passing

Sieve Bulk Stockpile Prepackaged
9.5-mm (3/8-in.) 100 100
4.75-mm (No. 4) 99 100
2.36-mm (No. 8) 88 100
1.18-mm (No. 16) 63 99
600-um (No. 30) 36 72
300-um (No. 50) 19
150-um (No. 100) 9
75-um {No. 200) 0
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One week before the lock was taken out of service for the actual
repairs the contractor was required to go through a full-scale demon-
stration of his operation during a 24-h lock shutdown. The demon-
stration required cleaning and coating an upper lift of the lock wall.
It gave the contractor and crews a chance to find out ahead of time
what problems might be encountered during the actual project shutdown
and gave them time to react to the day's experience before getting
into the three-week-outage period.

The contractor had two basic approaches that could be used to
accomplish the work during the three-week outage. Each would require
"around the clock" operations to finish in time. He could either work
from scaffolding (built up from the bottom or suspended) with the lock
unwatered, or he could work from a floating barge. The first alterna-
tive presented major problems in assembling the scaffold quickly and
in providing a mobile platform that could be moved as the work area
moved. Scaffolding the entire lock was simply not feasible.

The contractor chose to work from a floating plant consisting of
Six barges, three working at each wall and lashed together end-to-end.
The barges stretched for about 75 percent of the length of the lock.
The Tashed barges were braced and welded side-by-side so that they all
acted as one unit. At the start of the lock outage, the barges were
floated into the lock chamber and positioned. The lock was filled and
the contractor began working from the top 1ift down. After the approx-
imate height of one 5-ft 1ift was coated from end-to-end on each
side, the lock level was lowered about five feet and the next 1ift was
coated. A major drawback to this system was a delay required by spec-
ifications of eight hours between when the water was lowered below an
area of wall and when that area could be coated. This time was selec-
ted as a safe and reascnable period which would allow hydrostatic
pressure within pores of the concrete to stabilize with atmospheric
conditions. Without this stabilizing time, it was felt that the coat-
ing could be applied, but that hydrostatic and vapor pressure would
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prevent the coating from tightly bonding to the base concrete. Another
specification restriction required that the surface be rinsed of any
silt or contamination from the lock water and be in a saturated surface
dry or drier condition at the time the coating was applied. Because
of the need for some final clean up and surface drying, the fact that
the barge had about 5 ft (one 1ift) of freeboard, and the fact

that the contractor could not coat more than one 5-ft 1ift in

eight hours, the hydrostatic pressure stability period did not repre-
sent any real delay to the construction sequence.

In order to coat the wall below minimum tailwater, it was neces-
sary at the end of the job to set the downstream lock chamber bulkhead
and partially unwater the lock so the barge floated below tailwater.
This procedure worked satisfactorily. After completion of the spray-
up work, the water level was kept below the last of the coating until
it air dried for 36 h as required by the specifications. In actu-
ality, the contractor finished about one day earlier than necessary
and the coating was able to receive a little bit more beneficial drying
before being innundated by reflooding of the lock chamber to full tail-
water elevation. As discussed earlier, unlike conventional) mortar, in
order for the latex-modified mixture to properly work, it needs to go
through a period of drying.

On the harges, the contractor had storage areas for the cement,
latex, aggregate, fibers, and admixture; sanitation facilities; a
quality control laboratory; surface preparation equipment; a <mall
repair shop; spare equipment and parts; and four independent mixing,
batching, and spray-up stations. Personnel initially got on and off
the barge by access ladder at shift changes, but when the climb becanic
over about 20 ft, all access was limited to man skip and crane. Near
the end of the job this meant about a 125-ft total lift.




Each spray-up station had its own scales, spray-up gear or nozzle,
mixer, and pump. Each station was also manned by a full crew consisting
of a nozzleman, mixer man, roller man, and usually a helper. As de-
scribed earlier, the "spray-up" process sprays a wet mortar mixture
pumped to the nozzle by grout pump and atomized with low-pressure ajr
at the nozzle. While the mortar is sprayed against the wall surface,
fiberglass fibers are simultaneously chopped from a continuous strand
and blown into the mortar spray from a separate cutter head attached to
the nozzle. The material is applied in a thickness of about 1/8 in.
per pass and must be lightly rolled with what looks like a serrated
paint roller between successive passes. This presses the glass fiber
into intimate contact with the mortar. A mat of material results which
is heavily reinforced but which wiil sag or fall off if too much weight
is added too fast. The final surface could be troweled; but although
this makes a better appearance, it was unnecessary and if overdone
could be damaging.

There were two types of mixers used, a conventional agitator with
rubber blades and a high-shear type. The high-shear type proved to be
more effective as it could mix smaller quantities faster, approximately
one cubic foot at a time. However, it should be noted that overmixing
with the shear mixer, especially in the case of latex, could be damaging
and must be avoided. The conventional agitator was slow and occasionally
would hold up the spray crew while it was mixing. It could mix up to
4 ft3 at a time,

There are a number of manufacturers of the cutter head assembly.
The contractor used only two brands of equipment on this job, thereby
minimizing spare parts inventories.

Because there was often some last minute final surface cleanup

that needed to be done just ahead of the spray-up work, the nozzlemen
occasionally had to wait until this work was completed. This resulted
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in delay not only because of waiting for the cleanup, but because during
the wait the mixture would thicken in the nozzle or pump lines and plug
the equipment. It could take anywhere from 30 s to 30 m to free these
plugs. There also was a problem with spray guns plugging between shifts,
It was found that the most efficient way to minimize this problem was to
keep the nozzle open and continually pumping grout even if this meant
recycling fresh groud back into the mixer or wasting it.

The air temperature and the temperature of the lock wall had a
bearing on the amount of water used in the slurry mixture. The roller-
men had difficulty in keeping the fiber concrete from sliding off the
lock wall in cool weather. The ambient temperature ranged between 37
and 62° Fahrenheit during the lock outage. The nozzleman would first
make a pass with just the slurry and fiber. He would then make two or
three passes with the slurry and fiber to obtain a 3/8-in. thickness.
During operation, the spray gun had to be held perpendicular to the sur-
face to obtain a uniform mix on the wall. The distance the gun was held
from the wall varied, but the best results were obtained at approximately
two feet. In between each pass of slurry and fiber, the surface had to
be rolled until there were no loose fibers sticking out.

As the work progressed from the upper 1ifts which had less dete-
rioration to the lower 1ifts with substantial deterioration, the length
of fiber used had to be adjusted. The cutter heads were designed to
chop fibers of 1-1/2-in., 4-1/2-in., or a combination of 1-1/2- with
3-in. lengths. The Tonger fibers were desired because of their believed
tendency to give greater toughness and strain capacity. However, where
the depth of relief around large exposed aggregate was about 1/2 in. or
more, the long fibers tended to bridge across adjacent pieces of aggre-
gate leaving an air void over the relief between them. Where a combina-
tion of 1-1/2- with 3-in. fibers was used, this problem was minimized.

o



Horizontal joints were treated by simply spraying over them and
treating them as a continuous mass. These joints have no known move-
ment across them and are tight construction lift joints. They did
present some problem because they had a 3-in. chamfer into which the
coating had to be sprayed and rolled. There was a tendency for the
workmen not to adequately coat or roll these places.

Vertical joints betwe2n monoliths were known to have relative
movements of measurable amounts. Wherever these were encountered, the
joint was cver-sprayed from one side to the other, but then the joint
line was cut through the coating with a knife while it was still wet.
Some joints that were not cut with the knife later were cut with a
diamond saw.

QUALTTY CONTROL

Quality control was an essential and continuous task both from the
standnoint of production and in-place quality. If the high-quality job
required was not achieved during application and surface preparation,
the coating could be expected to fail and the project would have been
a waste of time and money. From the contractor's standpoir’® he did not
have the time nor latitude to go back and repair any defective materi-
als, nor could he afford to have anything other than consistent mixes
of the correct proportions to keep the equipment operating and the
nozzleman working.

Minimum requirements Tor a detailed quality control program were
described in the contract documents. Exhibit 5 of this report contains
that information as it appeared in the contract. The quality centrol
program as it was actually carried out is described below. The con-
tractor approached Quality Contro! (Q.C.) with a good attitude. He
hired a highly qualified consulting materials engineer to head up the
program full time and acquired the services of a private Q.C. testing
firm to provide support personnel. A Q.C. engineer was on the job and
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working full time during every minute of every shift of placement. In
reglity the best control of mix quality turned out to be the practical
aspect that if the mix was too wet it would slough off of the wall,

FOSIN

and if it was too thick it wouid plug up the equipment. It had to stay
within very close tolerance to go through the equipiment and stay on the
wall at 3/8-in. thickness.

i A

The testing and monitoring program as it was actually periormed H
consisted of the following:

1. Although surface preparation was probably the most important
part of the job, it was the area where Government inspectors thought
the contractor's quality control organization exercised the least con-
trol. Fortunately the Government had a shift supervisor and at least
one inspector performing quality assurance checks at all times through-
out the entire job so overlooked areas of inadequate surface cleaning
were caught.

2. A sieve analysis of the sand was performed every shift.
Moisture contents were checked occasionally and ranged from 0.0. to
0.5 . If bulk or open stockpiles of aggregate were used, gradation
and moisture tests would have been more important and required more
frequent tests. However, the prepackaged commercial bags of manufac-

tured aggregate were tightly contrclled .* the bag plant by the manu-
facturer so the frequency of testing on the jobsite could be relaxed.

3. Batch sizes of the mixtures remained constant throughout the job
so that only one weight or volume of each material was ever used per
batch with the possible exception of slight moisture content variations
as required by quality control and quality assurance personnel to
account for temperature changes and humidity. The sand and cement was
batched by even bag counts. Admixture was measured to the same mark
in the same beaker for each batch. A mark was placed in the water and
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latex buckets to show what volume corresponded to the correct batch
weight as checked on the scales.

Atnliiiane

4. Air content of the slurry mixture was determined by the pres-
sure method (ASTM: C 231). The percentage of air ranged between 3.6
and 8.6%, and averaged 6.0%. It was checked several times a day.

5. The fiber length ranged between 1-1/4 and 5-1/4 in. A 1-1/2-in.
and 3-in. combination was desired over much of the job with some areas
calling for only 4-in. lengths. Fiber lengths were continually moni-
tored and adjusted when necessary.

6. Flow and workability tests were carried out by the nozzlemen
using a specialized cylindrical "“flow cone" test developed for this pur-
pose. As stated before, a slight variation in the mix consistency would
mean that it would either fall off the wall or plug up the equipment.

7. The amount of rebound ranged between 0.4 and 4,1% and averaged
2.4%. This approximation was based on visual and weight measures. The
amount of rebound depended mostly on the nozzleman. The rebound percent- g
age does not reflect the total amount of waste due to over-shooting, etc.
The actual amount of waste was more than expected. The contractor began
to run short of materials before the end of the job and had to air-
freight additional supplies to the site.

8. "As shot from the nozzle" mixture proportions of the fiber and
slurry combination were checked every shift. One method used was to run
the spray gun for a given period of time collecting the fiber and slurry |
separately. They were then weighed to determine the percentage of fiber.
A second method was performed by obtaining a sample of the fibrous coat- a
ing from the wall while it was still wet. The fiber and slurry were

washed out separately and weighed. The latex had a tendency to stick to
the fibers and could not be washed off completely; however, both tests
were comparable. These tests were run on a continuous basis.
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9. Ambient temperatures ranged between 37° F in the early morning
and 62° F during the day. [t was checked for high and low during each
day.

10. Two 24-in.-square test panels were made against plywood sheets
for each monolith. Later record tests and historical data were obtained
from these panels. The test panels are considered to be a good repre-
sentation of the work done. They represent both the actual material
used and workmanship of the various nozzlemen, and were made under actual
placing conditions. Exhibit 6 contains results to date of these tests.
Additional testing, including quality and strength after storage in a
damp environment for a year, will be made.

11. The final in-place thickness varied between 5/16 and 5/8 in.
and averaged 3/8 in. In areas where 3-in. aggregate was visible on the
lock wall, the thickness over the outside of the 3-in. cobbles was less
than 3/8 in., but between the aggregate particles it was more than

3/8 in. Since the protection is really needed over the mortar between
the aggregate, this was considered acceptable. Thickness was continu-
ously checked by stabbing the wet mix with a nail used as a depth gage.

ADMINISTRATION .

Close cooperation among engineering, construction, and operations
personnel of the Corps was essential. In addition to the "constructabil-

ity review," several in-house meetings were held during development and ;
planning. The design engineer attended the contractor's pre-work con-
ference and visited the contractor's home office during training of his

applicators, An extensive written discussion of "Engineering Considera-

tions for Field Personnel” was prepared by the designer for construction
personnel, and a meeting to discuss all engineering aspects of the job
was held with the inspectors. When qualification panels were made, the
designer worked side-by-side with the contractor's nozzlemen and made a
test panel of his own right along with them - fortunately, it turned out
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very well, This did a lot for morale, giving the workers a close feeling
of responsibility and importance of the job. During visits to the con-
tractor's training facilities, video tapes were made and brought back for

<

study by other district personnel. To help the contractor, especially
because he was a smaller contractor and pay estimates were very high,
they were made every two weeks.

During construction, an experienced shift supervisor from the
Corps' Construction Division (GS-11 or 12) was in charge of contract
administration in the field for each shift. They were assisted by in-
spectors from Engineering Division, Construction Division, a Resident
Engineer's office, and the "Engineer-in-Training" Program for recent
college graduates. Inspector personnel overlapped shifts. The project
designer made frequent visits to the jobsite and observed operations
during each shift.

A detailed critical path method (CPM) diagram was required from
the contractor and carefully reviewed by the Government. Also required
were a safety plan, hazard analysis, and a plan of operations showing
interaction between the contractor and Government crews operating in the
lock area at the same time. The contractor avoided potential subcontract

administration problems and paperwork by hiring on his own payroll per-
sonnel from other companies who worked with him. This way, all employees *
and work were always under his direct control. During construction, the
contractor kept "up to the minute” progress records in his field office.
Also, during the critical three-week outage, company officers, including
the president, moved to the jobsite from their home office and became

intimately involved with the entire operation.

This approach to running the job by Government and contractor per-
sonnel took much effort, planning, and overtime, but it paid off. The

contractor proudly admits to a substantial profit which was well deserved.




The job was completed on time with no accidents, no claims, and no modi-
fications. There was no unscheduled delay to navigation traffic. The
Corps is very satisfied with the quality of the work.

COST

An abstract of bids is given in subsection "Bidding Documents"” of
this report. The total actual contract cost was $1,179,057. Of this
$437,000 was for mobilization, demobilization, and for access to the re-
mote site. Of the remaining $742,057, it is estimated that about
$150,000 or Sl.OO/ft2 covers the cost of materials used in the coating,
S2.20/ft2 covers the cost of applying the coating, and about Sl.60/ft2
covers the cost of surface preparation.

OUTSIDE INTEREST AND POTENTIAL USES

There has been substantial outside interest in this project by
Corps and private organizations. During construction, there were many
visitors from various Corps' districts, divisions, and laboratories.
Since completion of the repairs, there have been many requests for in-
formation about the project and many inquiries concerning its applicabil-
ity to other deterijorated locks, etc.

The Corps has many other deteriorating locks which might be re-
paired much more rapidly and economically with the spray-up method, as-
suming this method demonstrates satisfactory durability during future
exposure. Where areas of severe spalling or deterioration need patch-
ing, this could first be done with conventional shotcrete, dry pack,
anchored concrete pourbacks, or epoxy. The system has other potential
applications for 1ining eroded conduits, providing protection from sea
water, lining lagoons, spillway face aprons, etc. Each potential appli-
cation must be critically evaluated with the understanding that this sys-
tem may work in some cases, but might not be the best solution for what
might seem like similar conditions in other cases.
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SECTION VI - PERFORMANCE

At the time of this writing, the lock has been in service for six
months since repairs were completed, s0 an evaluation of actual long-
term performance cannot yet be made. However, the previous year's trial
coating did go through a winter and performed well where the base sur-
face was properly prepared beforehand. Laboratory tests of freezing and
thawing show that essentially no damage should occur and other testing
indicates that the coating will prevent the base concrete from becoming
critically saturated. About two days after the last of the repair coat-
ing was placed, the Tock was put back into service and subjected to fre-
guent lockages with substantial impact of barges banging against the
wall and scraping it. There was no failure. Photographs on Plate 8
show where some of this rubbing occurred and that the coating remains
intact, even where it abruptly juts out from places like at the armor
steel around the ladder recesses.

After about four months of service, an area about 5 ft2 broke
loose, but this is over one of the previous trial coatings of a differ-
ent mix that had been placed in the preceding year. The failure is in
the old trial material, not in the spray-up coating.

It would be too optimistic to hope that out of 150,000 ft2 of area
there will be no failure with time. From just a practical construction
standpoint, it would be reasonable to assume that somewhere in all that
area the mix was not quite right or the surface did not get adequately
cleaned. If the job were 99 percent effective, there would be allowance
for 1,500 ft2 of area to fail. Performance, though, is expected to be
much better. Fortunately, one major advantage of the coating is that
any small failed areas can be repaired rather easily and quickly with
operations' personnel by mixing up a latex mortar slurry, adding the
fibers directly into the mixture, and hand plastering it onto the wall.
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Another approach to evaluation of the repair is that even if it
had to be redone every five or ten years, the savings in time and money
over conventional repairs still make it a preferred method, However,

RS S U VR PO T S

it is thought that the repairs will be permanent and this will not be
necessary.
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EXHIBIT 1

CLIMATOLOGICAL AND LOCK USAGE DATA

Ttem Description
1 Monthly Temperature Data
2 Freeze-Thaw Cycles Based

on Daily Ambient Tempera-
ture Changes

3 Commercial Lockages




MONTHLY TEMPERATURE DATA, °F

1971

—

Average Highest Lowest Month

)
|
|

L

39 64 17 January
41 64 22 February
43 65 20 March
51 75 33 April
62 90 41 May
63 97 46 June
77 108 48 July
81 108 53 August
63 91 42 September
54 85 22 October
44 58 27 November
36 55 16 December
1973

33 54 5 January ‘
40 64 25 February 8
48 67 31 March 3
54 78 33 April ’
63 98 41 May
68 104 47 June ‘
78 106 51 July 1
76 107 52 August !
67 98 48 September i
55 74 35 October .
42 62 30 November *
42 57 21 December

EXHIBIT 1

Item 1

Page 1 of 2




;
MONTHLY TEMPERATURE DATA (Continued)
L
1975 :
y
Average Highest Lowest Month :
35 57 12 January .
36 57 18 February »
44 61 27 March
48 69 30 April X
59 86 39 May o
65 93 46 June ¥
77 111 55 July ﬂ
71 97 51 August i
69 94 48 September 4
-- - -- October F
43 73 18 November ;
-- -- -- December :
1977
-- -- -- January ‘
42 70 25 February *
45 70 28 March
55 91 31 April
58 80 38 May e
73 97 35 June !
74 98 42 July |
79 107 52 August
64 88 44 September
54 79 35 October
42 67 13 November
38 61 15 December
EXHIBIT 1
Item 1
Page 2 of 2
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CYCLES OF FREEZING AND THAWING

Based on Daily Ambient Air Temperature Changes

970 1973 1975 1977 1979 Month
11 15 17 16 3 January
15 18 15 16 13 February
14 2 11 3 7 March

0 0 3 0 2 April

0 0 0 0 0 May

0 0 0 0 0 June

0 0 0 0 0 July

0 0 0 0 0 August

0 0 0 0 0 September
3 0 0 0 0 October

7 9 9 10 23 November

_18 5 16 19 17 December
68 49 71 64 65 TOTAL

EXHIBIT 1

Item 2

Page 1 of 1




Year

1973
1979

Monthly

January
February
March
April
May

June
July
Auqust
September
October
November
December

COMMERCIAL LOCKAGES

Number of
Commercial Lockages

920
1376

Number of 1979
Commercial Lockages

64
62
53
125
179
156
157
156
94
85
85
83

EXHIBIT 1
Iten 3
Page 1 of 1




EXHIBIT 2

REPORT OF TESTS ON ORIGINAL CONCRETE TAKEN FROM THE LOCK WALL

Item Description

1 NPDEN-GS-L Letter and Laboratory
Report dated 29 August 1975.

2 Strength, Modulus of Elasticity,
and Freeze/Thaw Durability for
the Original Lock Wall Concrete

3 Graphs of Dynamic Modulus vs.
Freeze/Thaw Cycles for the
Original Lock Wall Concrete

4 Report of After-Test Examination

of Freeze/Thaw Beams Saved from
Navigation Lock Repair Concrete
Debris




ADDRE SS KEPLY 1O U.S ARMY ENGINEFER DIVISION NORTH FACIFIC

OIRI CTOR CORPS OF ENGINEERS
NOTY YO iNDIVIOUALS.

NORTH PACIFIC MVISION MATERIALS LABORATORY
RT 2 BOx 12A
TROUTDALE OREGON 97060

NPDEN-GS-L (75-C-797) 29 August 1975

SUBJECT: Navigation Lock Repair, Lower Monumental Dam, Report of Tests
on Concrete Debris, Contract DACW 68-75-C-0113

District Engineer, Walle Walla
ATTN: NPWEN-FM

1. Please reference your DA Form 2544 request No, E-86-75-0128 dated
25 April 1975.

2. Attached is report of tests on two samples of concrete debris
(LM No.- 1 & 2) taken from the Lower Monumental Navigation lLock repair
site 5 March 1975. (Received 7 Mar 75). Included are:

a. Inclosure 1, Summary of Tests on Concrete Debris including
compressive strength, tensile strength, modulus of elasticity and frecze-

thaw.

b. Inclosure 2, NPD Form 361 "Resistance of Concrete Beams to
Accelerated Freezing and Thawing'.

c. Inclosure 3, Report of After Test Examination of Freeze-Thaw
Beams.

d. Inclosure 4, Plates I, II, III, & IV,
(1) Plates I & I1, photograph of samples as received.
(2) Plates III, 1V, photograph of freceze-thaw beams after Lest,

3. Frecze-thaw beams were sawn from concrete chunks by diamondsaw to

have one formed concrete face and three sawn faces. During sawing and
coring of specimens it was found much of the debris had internal cracks
reducing the number and size of specimens available. Five nominal 3x4x14-

inch beams were obtained from sample LM-1 and one from sample LM-2.
Tensile splitting and compressive strength tests were wide on 4x8 and 2x4-

inch cores respectively drilled with diamond bits from the romnants of the

concrete debris. Modulus of clasticity was measurcd on the 2x4-inch cores
by surface mounted SR 4 wire strain gages.

EXHIBIT 2
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NPDEN-GS-L {75-C~797) 29 August 1975
SUBJECT: Navigation Lock Repair, Lower Monumental Dam, Report of Tests X
on Concrete Debris, Contract DACW 68-75-C-0113 b

Visual inspection of the debris indicated sample LM-1 contained 3' MSA .
and sample IM-2 14" MSA.

4. Analysis of the freeze-thaw beams during and after test indicated
the formed face concrete was of poor quality., Formed surfaces had
suffered severe mortar losses by 55 cycles of freeze-thaw exposure and
were completely destroyed by 300 cycles of freeze-thaw. The interior
concrete (sawn faces) was generally of better quality with light to
medium mortar losses. (Incl. 2 & 3)

5. This completes all work requested.

Incl
as Director

EXHIBIT 2
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RELATIVE DYNAMIC MODULUS OF ELASTICITY, PER CENT

150 200 250 300

FAST CYCLES OF FREEZING AND THAWING

BEAM NO SvmAGL Jgg‘gv?Ztg.‘:gi 2?5353
1-1 [0) J 17.8 107
-2 A | 82.9
-3 [:l ) 74.0
14T @ 52.2
1-5 A 64.7
C2-1 = 4.2 25
- |
rl;'mARKS l

On nominal 3x4xlé4-inch concrete beams
sawn from navigation lock debris.

PROECT
LOWER MONUMENTAL NAVIGATION LOCK
REPAIR

[OS5TrcT  WALLA WALLA

'FINE AGGREGATE

N/a

COARSE ALCREGATH

N/A
e 3P T T T -
creches p 75-C-797
29 Aug 75

NPD FORM
JUNE 49 361

RESISTANCE OF CONCRETE BEAMS Tu ACCELERATED
FREEZING AND THAWIMNG
CORPS OF ENGIMNEERS NORTH PACIFIC DIVIHION TELTI00 CABOIAT 12y i
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NPDEN-GS-L (75-C-797) 29 August 1975
LOWER MONUMENTAL DAM

Report of After Test Examination of Freeze-Thaw Beams Sawn from Navigation
Lock Repair Concrete Debris

1. Samples & Tests

Six nominal 3x4xl4-inch beams were sawn from two samples of Lower Monumental
navigation lock repair concrete debris, five beams from sample LM-1 and one
beam from sample LM-2. The beams were subjected to accelerated freezing and
thawing and tested in accordance with CRD-C-20. Beams were selected and
sawn to have one formed face and three sawn faces each. Beams No. LM 1-1,
2, 3 and 5 appeared to contain 3" MSA and beams No. LM 1-4 and LM 2-1, 1i"
MSA. Following sre detailed test results:

Samnle No. Rel. E 00 Rel. E = 50 Wt . Depth of Erosion
& Beam MSA Cycles of each of each Loss of Beam Faces. in.
No. in. Tested Beam Beam % Formed Sawn
M 1-1 3 132 17.8 107 6.8 0.5 0.1-0.2
2 3 306 82.9 8.0 0.75 0.1-0.2
3 3 306 74.0 7.9 0.65 0.1-0.2
4 1% 306 52.2 9.0 0.3 0.3
5 3 306 64.7 7.2 0.5 0.1-0.2
Average 58.3 7.7 0.55 0.1-0.3
LM 2-1 1% 78 4.2 25 1.2 0.1-0.2 0.1-0.2

2. Examination of Beams

The concrete of beams No. IM 1-1, 2, 3 and 5 was of varible quality. The
formed faces (exterior surfaces) had heavy mortar losses and the original
contours were completely destroyed. The sawn faces (interior surfaces) had
light to medium mortar losses and the original contours were rounded to sub-
rounded. The mortar ranged from soft to firm on the formed faces and was
firm on the sawn faces. Mortar-coarse aggregate bond was good. The coarse
aggregate was generally sound with one to two soft particles noted per beam.
Two to three spalls ranging up to two inches in diameter and one inch in
depth were also noted on each beam.

Beams No. LM 1-4 and LM 2-1 did not show much difference between the formed
and sawn faces as did No. LM 1-2, 3 & 5. Mortar losses ranged from light to
medium and the original contours were rounded to subrounded. Mortar was
generally firm with some soft areas and mortar to coarse aggregate bond was
good. Beam No. IM 2-1 broke in half in 535 to 78 cycles and was removed from
test at 78 cycles,.

General physical quality of these two beams was poor.

EXHIBIT 2
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NPDEN-GS-L (75-C-797) 29 August 1975

The depth of penetration of destructive freeze-thaw action is illustrated
by the dark wet edges of the sawed sections in the accompanying photo-
graphs., The 1/2-inch thick slices were sawn from third points of the
beams, air-dried, placed in 1/4-inch deep water for 15 minutes and photo-
graphed.

The beams would be rated poor to excellent according to EM-1110-2-2000
""Standard Practice for Concrete', page 2-11, paragraph 4.
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EXHIBIT 3

INVESTIGATIONS OF ORIGINAL CONCRETE IN THE LOCK

Item

Description

NPDEN-GS-L Letter Dated 18 May 1978
Containing Entrained and Entrapped
Air Contents for Original Lock Wall
Concrete and for Remade Mixes

Report of Durability Tests on Mables
Pit Aggregate Concretes (QOriginal
Construction Aggregates)

Graphs of Dynamic Modulus vs. Freeze/
Thaw Cycles for Mables Pit Aggregate
Concretes (Original Construction
Aggregates)

Narrative Discussion and Data for
Mables Pit Aggregate Concretes
(Original Construction Aggregates)

Petrographic Report for Mables Pit
Aggregate Concretes (Original
Construction Aggregates)

ai
|
|
|
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DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION. CORPS OF ENGINEERS
£.0. BOX 2870
PORTLAND, OREGON 87208

NPDEN-GS~-L (77-C-5) 18 May 1978

SUBJECT: Lower Monumental Navigation Lock Chamber Concrete
Durability Studies

District Engineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference:

a. Your DA lorm 2544 request No. E86-96-0016 dated 14
July 1976.

b. Telcons 5 October, 9, 14, and 23 Noveaber 1977 with
Messrs. Houghton, NPDEN-GS and Schrader, NPWEN-FM in which
alr content tests by the microscopical method on samples of
concrete debris from the Lower Monumental Navigation Lock
Chamber (rec'd 8 and 25 Nov 77) were requested.

c. Telcon 9 November 1977 in which your Mr. Schrader
confirmed the transemittal of stockpiled natural sand and gra-
vel from Mabels Pit, Snake River, WA (rec'd 8 Nov 77).

d. Telcon 24 January 1978 1in which Mr. Houghton was
glven results of air content teets on the first samples of
concrete debris.

e. DF dated 2 February 1978 from Mr. Houghtonm to NPDEN-
GS~L requesting slump loss and freeze-thaw tests be made on
3" MSA concrete batched with Mables P{it sand and Mathews
Terrace coarse aggregate.

f. Telcon 6 February 1978 with Mr. Houghton wheretn {t
was agreed that:

(1) Volcanic cinders pozzoland would be used in lieu of
calcined shale.

(2) The standard laboratory mix eequence would be used,
2. The purpose of this study was to investigate two possible

cauees for the low entrained air content found in the lock
chamber concrete.

EXHIBIT 3
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NPDEN-GS-L (77-C-5)
SUBJECT: Lower Monumental Concrete Durability Studies

Parameters studied included:
a. Effect of slump loss on air content.

b. Effect of additional consolidation effort required
due to slump loss on air content, freeze~thaw durability and
compressive strength.

c. Effect of mixer grinding with 3-in MSA aggregate on
the release of montmorillonite clay from the sand with
possible subsequent effect on the size or distri{ibution of the
air-void system.

3. Attached with rosults complete to date 18 report of air
content and durabi{lity studies made on concrete debris and
recently cast concrete batched with Mabels Pit sand and
Mathews Terrace coarse aggregate. Included are:

a. Incl 1, Summary Report of Durability Tests.

b. 1Incl 2a-c, NPD Form 361, Graphical Report of
"Resistance of Concrete Beams to Accelerated Freezing and
Thawing” for the three sets of beams tested.

¢c. Incl 3, Report of After-Test Examination of
Accelerated Freeze-Thaw Beans.

d. Incl 4a-b, Photographs of Slices sawn from selected
freeze-thaw beams after test.

e. Incl 5, Report of Petrographic Examination of Mabels
Pit sand.

f. 1Incl 6, NPD Form 359, Report of Concrete Mixture
Design for the 3" MSA mixture used in these etudies.

g. Incl.-7, ENG Form 6008-R "Report of Test of Portland
Cement” for the stock of lab-blend cement bdbatched in the
concrete mixes.

h. 1Incl 8, ENG Form 6000-R "Report of Tests on
Pozzolan " for the Sun brand ground volcanic cinder pozzolan
batched in the concrete mixes.

4., Approximately 64 sq in x 1 inch thick slabs were sawn
from two samples of 3" MSA concrete debris sampled at the
Lower Monumental Navigationm Lock. Slabs were forwarded to
the Waterways Experiment Ststion for determination of the air
content by the modified point count method "CRD-C 42-71"

EXHIBIT 3
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NPDEN-GCS-L (77-C-5)
SUBJECT Lower Monumertal Concrete Durabilicy Studies

Microescoplcal Determination of the Alr-Void Content {n
Hardened Concrete., Additional tests were made on elabs sawn
from representative freeze-thaw beams recently cast from 3~
MSA laboratory mixed concrete, Results of the tests on the
debris and recently cast concrete are as follows:

4 4 b4
NPDPL b4 X Entrained Entrapped Total
No. Location Aggregate Paste Alr Alr Alr
313 Sawn 1”7 76.3 22.0 1,2 0.5% 1.7
from Sur-
face of

Lifc No. 25

125 From Lock 76.2 20.5 2.9 0.4 3.3
Chamber
Rubble plle
@ Base of
Nav Lock
386-9 3" MSA * | 60.3 34,4 3.9 1.4 5.3‘
Recently Neri' A Revicww O F Tpe orieivm
Cast Fit Dazrrd dweE€ 7S seews Tiny
Beams-— JRESE Rews €F DA7TH Lverre
Cast With- LAY MEV I ) LN TIER 1t A CEL
out Delay Betac, e 7 A JTrp~e e Rlen
386~18 37 MSA *  |57.4 36.1 5.3 1.2 6.5]
Recently T
Cast Fit
Beams.
30 Min.
Delay

« WGT SCREENED minus 3/4~ fraction of mixture.

5. Tests were made on three batches of 3" MSA concrete
batched with Mables pit sand and Matbews Terrace aggregate, a
laboratory blend of three Type Il cements, of volcanic cinder
pozzolan and neutralized vinsol resin afir entraining agent,.
The quantity of pozzolon used was based on & 20X replacement
of Portland Ccment by absolute volume. Project mix design
No. 3-5.25P-2B was selected for this etudy; however, the mix-
ture required reproportioning to an equivalent cement content
of 4.94 cwt/cu yd to meet design slump and air requireasents,
The equivalent water cement ration was maintained at 0.44
(W/C+P = 0,45). The mixture was designed for 5.0 entraeined
atr and 22 {nches slump on the minue 112~ fraction. The air

EXHIBIT 3
Item 1
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NPDEN-GS-L (77~C~5)
SUBJECT: Lower Monumental Concrete Durability Studies

content of the 3" and + 3/4" concrete fractions werc 4.0 and
6.1% respectively. Mixing and plastic concrete testing pro-
cedures were as follows:

a. Batch all {ngredients;

b. Mix three minutes;

C. Rest three minutes;

d. Mix two minutes and discharge;

e. Wet screen to minus 1Y2-;

[}

. Split concrete into two equal samples;

g. Make air content slump test and cast 6 x 12-{n
cylinders and 2 x 4Y2 x 16-1n freeze-thaw beams from one
sample leaving second sample undisturbed;

h. Wait 30 minutes aad

1. Without agitating or remixing repeat steps g and h on
the second undisturbed concrete sample.

6. Cvlinders were cast for test at 7, 28 and 90 days; and
freeze thaw exposure was inftiated on the beams at age 28
davs. To serve as a control series 3/4" MSA P.C. concrete
batched with Mabels pit natural sand and Mathews Terrace gra-
vel wastested according to CRD-C 114-73 "Method of Test for
Soundness of Aggregate by Freezing and Thawing of Concrete
Appregates”, The control beams were started in test at a
srandard la-dav age, and cylinders werc cast for test at age
T, b, 28 davs.
The petroyraphic report indicates that about six percent

t e sand Is composed of soft particles with some mont-

“.rtllaatte clay {n the finer fractions. Slump loss tests

't yret styntificant etiffening occurred during the 30-minute

- Average sluamp for the three batches was reduced from
.t heyw as mixed to 3/47 4in 30 minutes. Delayed concrete
+ured st fft” and lumpv”, lacked plasticity and workabi-

“t . and tend to “"posthole”™ during consolidation. It is
cnrtmared that two tg.three times as much effort was required
' procduce adequate asolfdation of the delayed tested
rete. However, the delay had negligible affect on the
shast atr +ontent and the durability factor of the
Cirete. The average alr content for the mixed and delayed
s rete <as 5.2 and 5.0, respectively, and the durability
tv. trs for the mixed, delayed and standard freeze-thaw test
4.
EXHIBIT 3
Item 1
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NPDEN-GS-L (77-C-5)

SUBJECT : lLLower Monumental Concrete Durability Studies
beams were DFE = 89.7, 86.7, and 92.3, respectively.
These DFE factors would rate all of the beams as excellent,
which 1s comparable with DFE = 84.2 reported in Lower

Monumental Lock & Dam Concrete Aggpregate Design Memorandum
No. 8, 28 April 1961, Compressive strength results st age 28
days for the mixed and 30-minute delay 3" MSA concrete were
3480 and 3430 psi, respectively. Detalled test results are
attached.

8. The results of this investigation to date indicate the
following:

a. Microscopic analysls of debris from spalled naviga-
tion lock chamber concrete showed entrained air contents
ranging from 1.2 to 2.9 percent, which are too low to provide
a high level of freeze thaw durability.

b. Microscopic analysis of the freeze-thaw beams cast
from delayed and non-delayed recently cast concrete showed a
decrease in entrained and total air content for the delayed
concrete as compared to the non-delayed concrete.

C. Two to three times more cowpaction effort was
required to consolidate the stiff 30 minute delayed concrete
as compared with the non-delayed concrete.

d. No significant reduction {n the plastic air content
was measured tn concrete allowed to set for 30 minutes prior
to test.

e, The extra consolidation required to consolidate the
stiffened concrete had no apparent effect on {its freeze-thaw
durabtlity or compressive strength.

9, This completes all works requested.

FOR THE DIVISIUON ENGINEER:

S

Incl (dupe) 0. E. BORGE
as Director
CF:

NPDEN-CS

Concrete
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NPDEN-CS-L  (77-C-") ‘
]

LR MONUMENTAL CONCRETE DURABILYITY STUDILS 4

Report of After Ti <4 Examination of Accelerated Freeze-Thaw Beams ;%
1

1. Samples & Test - Threc scts of beams, cach composed of three beam,
from cach of three concrete batches, were cast with laboratory processed
Mabel's Pit sand and Mathews Terrace Course apgprepates.  One set, RPD
No. 311, was cast from a 3/4" MSA coacrete mivture designed and tooted
in accordance with CRD-C 114 and two sets, NPD No. 386, were cast from N
the wet screened minus 3/4 portion of a 3" MSA Lower Monumental proje @ i
Mixture, No. 3-5.25P-2B, one set immediately after mixing and one et
after a 30-minute delay without agatation or remixing., The PLCo cancrete
beams were started in test at ape la-days, the FoCo pozrzolanic concrete,
at apge 28 days. The beams were subjected to 301 to 308 evoles ol vapad
freczing and thawing and tested in accordance with CRp-C 20, Followin,
are detailed test results:

NORP N

Cement

Scries Content Air
& Test oWt 7 Content, Slump DFE 300
Set No. MSA Condition cu yd Pore % Cins. Tnd. AV
311 3/4 CRD-C 114 6.11  none 6.4 23/ 903
92.8
95,7 92.9 ¥
311A 3/4 CRD-C 114 6.11  none 6.6 3 94,1 Y
92,8 +%
93,6 93.9 i
3118 3/4 CRD-C 114 6.11 none 5.7 2% 40. 7 b
yl.3 41
. o o 9004 904 ?
Average 6.11 6.2 7 3/4 973 i
386 3" Cast 4.94  30.0 5.8 O 90. 7 i
without BY 4 ,}‘
delav after 90,8 9.3 i
IR6A 3" Mixing 4.94 30.0 6.7 2 314 4.1 i
8K/
9.4 89 .4 ‘
3861 T Mixed 4.94  30.0 6.4 2 RR .4 ;
84,6 !
— PN U A A |
Averape 4.94 10.0 6.3 My Ry, /
386 3" Cast 4.94  30.0 5.4 3/ 4 87.9
after B85.7 %
30-min. 5.1 KAL) 1
3B0A 3" delay 4.94 30,0 6.2 3/4 87.3
89.0
BR.1  HK.)
3861 3" 4.94 30.0 6.2 1 87.2
Ry,
R7.1  R4.9
Averape “on 0.0 sty Ho. /
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NOTE: 1/ On the 1+ us 3/4" portion of the mixture.

2/ On the - .15 14" portion of the mixture. .
2. Examination of Beams - All beams are of good physical quality. Bceams Lj
have well preserved origiinal contours and mortar coarse agpregate losses :
are minor. The mortar is {irm and the bond is pood. Minor popouts are '
present {n all beams.  The beams cast after the 30 minute delay had the i
1

highest weight loss, preater surface relief and had lost some % inch
aggregate particles. Details are as follows:

Scrics Test Welight Surface
_No. Condition Loss, 2 Relief, Ins
311 CRD-C114 5.8 0.15
{ 386 Standard 6.4 0.15
386 30 min. delay  10.2 0.25

The depth of penctration of destructive frecze-thaw action is illustrated by
the dark wet edges of the sawed sections in the accompanying photographs.
The accompanying block illustrates the original size of the test beams.

The % inch thick sections were sawn from sclected beams, air dried, placed
in % inch decp water for 15 minutes and photographed immediately. The
average DFE}O durability factors of 92.3, 89.7, and 86.7 would ratc the
beams as 0xvc9lcnt by criteria outlined in EM-1110-2-2000, “Standard
Practice for Concrete" Page 2-11. para. 4.
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DEPARTMENT OF THE ARHY ke ten. ne, _ 17/288
MISSOURY RIVER DIVISION, CORPS OF ENGINEERS
DIVISION LABORATORY Sheet 1 of 3

OMAHA, NEBRASKA 68102 16 MAR 1978

Petrographic Fxamination of Fine Aggregate,

Sebject:
Report Scries No, |

Project: _ Lovwer Mopumental Dam

trtended Use: Concrete Aggregate

Source of Materiral:_Mabel's Pit op Snake River

Director, North Pacific Division Laboratory

Submiticd by:
Date Receiveyg:_ _10 December 1977

Datc Sampled: = .
Meihod ot Test or Specification:__ CRD-C 127-07

North Pacific Division Laboratory Request No. E85789500

Relerences:

~(DTL 78-4) dated B Deccmber 1977.

SAMPLE IDENTIFICATION

MRD Lab. No, 77/288. Sample of concrete sand (NPDL-311) from
Mabel’s Pit on the Snake River for Lower Monumental Dam.

SUMMARY OF EXAMINATION RESULTS

1. The fine aggregate is dark brownish-gray, rounded to angular,
partially manutactured sand consisting of about 70 percent dense
basalt, 2 percent vesicular basalt, 5 percent highly weathered
basalt and clay, § percent granite, 7 percent gquartzite and quartz,
4 percent feldspar, and 6 percent miscellaneous materials.

2, Porous, absorptive, friable particles comprised mainly of
weathered basalt and silty calciche total about 6 percent of the
sample. Some chloronhaeite and montmorillonite clay are included
in this group in the finer sieve fractions.

3. Although some natural glass is present with a refractive index
of less than 1.540, the alkali-silica reactivity potential of this
aggregate is thought to be minor,

4. Most of the particles tend to have an equidimensional shape
with a smooth to moderately rough surface texture, and are free
of any coatings, except for small spots of calcite incrustation

on some particles,

HRD O™ K15 0ivion oF £CR 87 1S OBSOLFTE.
EXHIBIT 3
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5. The composition of the sand by sieve fractions is given in the at-
tached table.

COMPOSTTION AND PHYSTCAL PROPERTIES

6. Basalt., Black and brown, dense to vesicular basalt particles make
up 72 percent of the sand sample, while soft, modcrately to highly
weathered basalt comprises § percent. Most of the basalt is holocrys-—
talline but a few contain interstitial natural glass, In a few cases,
the plass (palagonite) has a refractive index less than 1.540 which
makes it suscentible to alkali-silica reaction., 1In addition a tracc
amount of glassy rhyolite rock is also present. tlowever, the amount of
glass in the entire sand is small and not likely to ciuse excessive
reactivity when used in concrete. In somc of the weathercd basalt par-
ticles, the natural glass has altered to chloronhacite which in turn is
altered to montmorillonite clay. Since the sand contains a high percen-
tage of minus No, 200 size material and much of the clav is collected in
this size fraction, it would be advisable to remove some of this material
by washing before the agmregate is used in concrete,

7. Granite. Fine-grained, light pgray to pink, hard, dense, rounded to
angular pgranite particles occur in small amounts in the larger sieve
fractiors making un about O percent of the sand. Practically all of
these particles appear sound and durable.

8. Quartzite and Quartz. The particles of this proup consist of
rounded to anzular, hard, dense, white to buff, finc-grained quartzite
and angular, wvhite to colorless quartz, Most of the quartzite occurs in
the coarser sicyve fractions, while quartz grains are most abundant in
the finer sizes. AllL of the prains of this pgroup are hard and durabile,
This group totals about 7 perecent of the sand.

9. Yeldsrar. This proun is made up of ~ ne . > and plagioclase feld-
spar grains having been derived from th.  ranitic and basaltic rocks,
larpely as a result of crushine. Most tend to be fresh, but a few show
altceration products such as sericite and kaotlinite. The grains are
white to pgray, rectancrular, and hiave prood cleavape surfaces. Feldspor
compriscs about 4 percent of the fine arnrcepate,

EXHIBIT 3
Item 5
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10, Miscellaneous. A number of different rock types and minerals are

included in this grouo such as mica schist, concrete, calciche, and

lTimestone in the coarse fractions and mica, calcite, and common detrital

minerals in the fine sizes. All together this group makes up about © i
percent of the sand. Some of the calciche and limestone particles are

soft and highly absorptive.

Submitted by:

S

R. K. SCHLERKER
Director, MRD Laboratory
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EXHIBIT 4

PRELIMINARY EVALUATION TESTING OF SPECIALIZED MORTAR COATINGS

Item Description
{
1 DA Form 2544 dated 28 June 1976 é

Describing the Wet-Dry - Freeze/
Thaw Specialized Test Under
Various Pressures

2 NPDEN-GS-L Letter Dated 27 September
1976 Giving Results of Specialized
Laboratory Freeze/Thaw Tests on
Mortar-Coated Lock Concrete

3 NPDEN-GS-L Letter Dated 18 February
1977 Giving Results of Comparative .
Tests of Fiberglass-Reinforced Mortar
Coatings With and Without Latex When
Subjected to Freeze/Thaw




I‘ RECEIVING OF FICE CONTROL NUMBER 1 OROER
’V. HUMB LR Tb_”';,AVI

INTRA.ARMY ORDER FOR 1&'?991?1?

REIMBURSABLE SERVICES _ Lr RRURNTIRTIS
For use of this form, ses AR 37-108 end | CrAnceoRoen e
AR 37-110; the propenent egency Is & NUMBERN }o Cave
Office of the Comptroller of the Army. (] rumoec . AuTOmMaTiC

4. QRDEREOD RY (Command Inaialletion or Activity and address) 3 TO BE PERFORMED B8Y 'Cummand lnu-l.’.ltlo" or AC s, arg

(Include ZIP Code) 8ddiese) (Include Z [P Code)
District Lnginear | Director
Walla Yalla District, Corps of Engra. Divieton Yaterials Lab.
City~-County Adrport orth Pacific Division, Corps of Eagrs.
Valla Walla, HA 99362 Troutdale, OR 97060

4. DESCRIPTION OF SERVICES TO BE PERFORMED

Pcrform special freeza-thaw/wor (under pressure)-dry tcsts on samples of Lower
lonumental concrate that have been coatod with Glase Con. The coating haa bhecer anplie
by & private company and 8 sarples have been shipped to NPDL, Special jigs as showm
ou the attached sketch should ba wade by the laboratory for these tests. Tvo ssmples
should be retained for possible testing at a later date—ona sewple should be sudbjecte
to the standard freeze-thaw test, and the ramafoing five sacples should be subjected
to the preasurized wet-dry, freexs-thaw test as dascribad bdaelow.

Test Procedura

Claap tho samples in the jig a3 showm on the attached sketch, The bolts sliould be
evonly tonzuad so that their total initial load will be equal to the force axerted
agsinst the top plate by the air pressure.® Air dry the samples in the jig. Fill the
roservoir botwean the top plate and the Class Con surface sbout half way with water.
Apply the required air pressure® and maintain it for 1 hour, Releasc the pressure,
empty the water, and totally freeze the test apesciran. After the total speciman has
been frozen, romove it fron the freezing chamber eaud immediately {411 the reservoir
about half wvay vith cool water. Apply the required air prossure again, boing sure
that the water 1s not frocca at the time air pressurc is applied., FRepeat the proceso
until failure or 300 cycles.

(CONTINULD)
Te NAME AND TITLE OF OCRDERING OFFICER & siaNaTURNE 3 DAV," L
RICHARD L. GULLIXSON T
Chief, ¥&M Br. 23 -Jun-76

ORIGINATING FINANCE AND ACCOUNTING OFFICE APPROVAL
AMOUNT

SO ERIESEEY BRI 305X30000  96x3122 Const. Gen CE  Civil Tsn,ooo.uo

€ CHANGE

INCAZASE AMOUNT DECARLASE AMOUNT REVIIED AMOUNTY
s Services to be performed pursuant to this order urelyope%sh,@eable to the sppropri-
ations or other accounts indicated above until the expiration

date oi this order. TDay - Manth - Yead

106 TYPED NAME ANDC TITLE OF APPROVING OFFICER| 5. si1aNATURE € Oavg

T. V. MORSE
Ch, P&LA DBraoch

ACCEPTING OFFICER
" THE ABOVE TERMS ANO CONDITIONS ARE SATISFACYORY AND ARE ACCEPTED.
o TYPRO NAME AND TITLE OF ACCEPTING OFFICER To sianmarume

< DATR ACCU®TEO

A FORM 2544 REPLACES PAEVIOUS EDITION OF THMIS FOMM AND DA FORM 1818 | Jan
oC?Y o4 OF wrHICH WILL AR ISSUED AND USED UNTIL 1 OCY 68 UNLESS BOONER

UL SOTENREENT FHINTING SFIICE 1940 8~ V70 Te0
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NWEN-FM
SUBJLCT: Performing Special Freeze-Thaw/Wet-Dry Tests on Lower Monumentul
Concrete Samples

*Sample #1 =~ pressure equals 1 to 2 psi

#2 - 11 psi
" #3 - " " 22 psi
" e - " " 33 psi
" #5 - " " 44 psi

The amount authorized by this order may not be excreded without prior approval
of this office.

Billing will be on SF 1080 or other applicable media and will cite the order
number shown in Block 2a above, indicating either a partial or final billing.
Receipt of final billing will constitute a termination of this order and an
autumatic withdrawal of any unused balance.
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ADDRE 33 REPLY TO

U.S ARMY ENGINFEER DIVISION. NORTH PACIHIC

DIMLLTOR CORPS OF ENGINEERS

INOT 1O INDIVIDUALS,

NORTH PACIFIC DIVISION MATERIALS LABORATORY
Y 2 BOX 12A
TROUTYDALE OREGON 97080

NPDEN-GS-L (77-C-5)

2] September 1976

SUBJECT: Lower Monumental Navigation Lock Repair, Preliminary Report of
Freeze-Thaw Tests on Fiberglas Coated Concrete Beams

District Engineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference DA Form 2544 request No. E-86-99-0016 dated 14 July

1976 with inclosed drawing.

2. Following, with results complete to date, is report of freeze-thaw tests
nade on six nominal 3.5x4x10-inch fiberglas coated concrete beams.

3. Beams were sawed from chunks of concrete sampled during the navigation

lock repairs (Ref. NPDL W/O 75-C-797).
coating (Glass-Con) was applied to one
One beam was subjected to the standard
and five are currently being subjected
test requested. One additional sample
at a later date.

4. 1he 1/2-inch fiberglas coating was
of rapid freeze-thaw as follows:

Cycles of Freeze-Thaw

99
178
261

300

LFE300 = 69.7
Wt. Loss = 15%

A nominal 1/2 inch layer of fiberglas
3x4x10-inch face by a private company.
CRD-C20-75 freeze-thaw test exposure

to the pressurized wet~dry freeze-thaw
has been retained for possible testing

essentially destroyed by 300 cycles

Remarks

Estimated 2/3 coating remains
Coating thickness = 0,25"

21 pleces of stone visable through
fiberglas

Stones visable throughout coating,
loose fibers in remaiping fiberglas.
Estimated thickness: 0.0-0.10"

A photograph was taken of the eroded surface which will be forwarded when

available.

EXHIBIT 4
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NPDEN-GS-L (77-C-5) 27 September 1976
Subject: lower Monumental Navigation Lock Repair, Preliminary Report of
Freeze-Thaw Tests on Fiberglas Coated Concrete Beams

5. Five beams are currently being tested by the requested pressurized freeze-
thaw method at pressures of 2, 11, 22, 33, and 44 psi. The beams are assem-
bled in jigs which allows water under the above pressures to be applied against
the fiberglas coated face. The jigs are loaded to insure a minimal compressive
load on the fiberglas concrete interface when the pressure is applied. The
test procedure is to remove the beams from the freezer, set in ambient air for
one hour, for thawing inspect for damage, apply water under pressure for one
hour, dJrain the water and return to the freezer. One cycle is completed per
day. The requested wetting-drying portion of the test is not applicable as

the beams stay moist throughout the test due to condensation, etc., The five
bcams have 23 to 25 cycles of freezing and thawing to date with no visable
dammage.

6. Additional results will be forwarded as available.

LU(/'{/I:"*( 1Y /? AZ“[( l‘/’j

J ¢ O. E. BORGE

Director
2
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ADORL S RLPLY 1O U S ARMY ENGINEER DIVISION. NORTH PACIFIC
Otat cron CORPS OF ENGINEERS

CNUT TO INDVIDUALS:
NORTH PACIFIC DIVISION MATERIALS LABORATORY

RT 1 BOX 12A
TROUYDALE OREGON 97080

NPDEN-GS-L (77-C-5) 18 February 1977

SUBJECT: Lower Monumental Navigation Lock Repair, Report of Freeze-Thaw
Tests on Glass-Con Fiberglass Slabs

District Engineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference:
a. Your DA Form 2544 request No. EB6-99-0016 dated 14 July 1976.
b. Our report this subject dated 27 September 1976.

c. NPD Form 300 dated 27 December 1976 covering transmittal of two
nominal 3/4x3x5-inch samples of Glass-Con, one with and one without latex
admixture.

2. Attached, completing all work requested,is report of freeze-thaw tests on
the above mentioned samples.

3. The Glass-Con slab without latex (Sample No. 1) had gained in height and
weight and started to split along the longitudinal axis by 47 cycles of
freeze-thaw. AL.95 cycles it appeared the sample could have been separated
with finger pressure. The test was terminated at 214 cycles. The slab with
latex (Sample No. 2) showed no measurable or visual deterioration after 300
cycles of freeze-thaw.

4. Photographs of the beams after test will be forwarded when available.

fé’.Zf’ea
1 Incl (dupe) 0. E. BORGE
as Director

Copy furnished:
NPDEN-GS
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NPDEN-GS-L (77-C-5)

18 February 1977

LOWER MONUMENTAL NAVIGATION LOCK REPAIR

REPORT OF ACCELERATED FREEZE-THAW TESTS ON GLASS-CON SLABS

Sample No.
1 2
1. Type W/0 Latex Wich Latex
2. Dimensions: Inches 0.8X3X5 0.4-0.8X3X5
Test Results
weightgl Heightg/
No. Cyclesl/ Chg. % chg. 2
F/T 1 2 1 2 Remarks
b
10 - - - - No visible action.
47 +2.7 0 +15.1 0 No. 1 - Surface spalling,
splitting on axis. No. 2 -
No action.
69 +1.4 0.9 +18.7 0 No. 1 - Sand size particles
eroding, crack widening.
No. 2 - No action.
95 +2.7 +40.9 +29.5 0 No. 1 - Surface eroding,
sample splitting in half.
No. 2 - No action.

128 +2.7 0.9 +17.1 0 Same as above.

155 -10.4 +0.9 +15.1 0 No. 1 - Washed slab prior to
messuring, all surfaces eroded,
crack extends through slab.
No. 2 - No action.

193 - - - - Continuing same as above.

214 -32.0 +0.9 - 0 No. 1 - Slab split in two along
longitudinal axis, stop test.
No. 2 - No action.

300 - +0.9 - 0 No. 2 - No messurable or visual
change.

NOTE: 1/ Slabs were placed in 1/4 inch of water and cycled from 0 to 4OF at rate of
12 cycles per day.
2/ Plus means weight or height increase, minus means loss.
EXHIBIT 4
Item 3
Page 2 of 2
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APPLICABLE SPECIAL AND TECHNICAL PROVISIONS OF THE REPAIR CONTRACT

EXHIBIT 5

Description

Specification “Special Provisions,”
Pages SP-1 and SP-13

Specification Section 1A, "Environ-
mental Provisions," Pages 1A-1 thru
1A-2

Specification Section 1B "Supplemen-
tal Requirements,” Pages 1B-1 thru
1B-5

Specification Section 1C, "Measure-
ment and Payments," Page 1C-1

Specification Section 3A, "Surface
Coating," Pages 3A-1 thru 3A-12
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Sertal No. DACW68-8U-B-0018
SPECIFICATTONS
PART |
SPFCIAL PROVISIONS

S-1.  COMMENCEMENT, PROSECUTION, AND COMPLETION OF WORK (1965 JAN). The Contractor will
be required to commence work under this contract within 10 calendar days after the date of
receipt by him of notice to proceed, to prusecute saild work diligently, and to complete the
entire work ready for use not later than the time limits specified hereinafter. The time
stated for completion shall include the final cleanup of the premises. (DAR 7-602.44)

$P-1.1 The Countractor shall complete all surface coating and painting work by not later
than 1200 hours 03 April 1980.

§P'-1.2 The Contractor shall complete all remsining cleanup and demobilization work by not
later than 18 April 1980.

SP-1.3 Limited Work Perfod. The maintenance and operation ot the navigation lock shall
take precedence over all contract work, and nothing shall be done by the Contractor, his sutL-
contractors ur employees which will hinder, interfere or prevent operation of the navigation

lock, «xvept during the two lock closure periods scheduled as followe:
(1) A 24-hour lock closure period on 10 March 1980.

(2) A J-week lock .losure period from 0100 hours, 16 March 1980 tu 2400 hours,
05 April 1980.

1 requested by the Contractor, the lock will be unwatered beluwv tatlwater level by Government
perwonnel, except for minor leakage 80 that the area insisde the lock will be available for
requiced work by 18 March 1980, All Contractor materials and equipment, other than floating
plant, sball be removed from in- tde the lock by 2400 hours 04 April 1980.

S-1.e Other Restrictions and Concurrent Work. Work areas and scheduled restrictions
wd Timititi1ons due to the presently anticipated schedule of work to be performed in theese
Afeas b thers shall be constdered by the Contractor in scheduling work to be performed in

accordance with the above (ompletion dates.

SF-1.°.1 Modify Gate Seals. The seals on the navigation lock upstream gate vill be modi-
tivd b, Government personnel during the scheduled J~week lock closure period. Use of the
. otream yate for the Contractur's operattons will not be allowed during the }-week lock
® (lasure period; however, Lhe downstream gate will be opsrasted by Government personnel for the
(ontractor's convenience. When the floating bulkhead ie set into place, to facilitste
luwering the lock water level below tailwater level, the downetream gate will not be operated
for the Lontrsctor's convenience.

sP-2. and SP-3. DELETED.

] R, 79n0tCiA
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SP-28. TAYMENT FOR MOBILIZATION AND PREPARATORY WORK, PAYMENT ITEM NO, 1 (1979 MAR)

SP-24.1 Paywents will be made under this contract on the actual expenditures made
by the Contractor for mobilization and preparatory vork under payment Item No. 1 as
followa: The Contractor may submit to the Contracting Officer certified sccounts of
the sctual paymerts made by him for construction plant exceeding $10,000 in value per
unit, as appraised by the Contracting Officer at the site of the work, acquired for the
execution of the work; for the transportation of a}) plant snd equipment to the site;
for material purchased for the prosecution of the contract, but not to be incorporated
in the work; for construction of camps, access roads or railroads, trailer courts,
mess halls, dormitories or 1living quarters, fileld headquerters facilities and construction
yards, and for personal services and hire of plant on work prepsratory to commencing
actusl work on the construction items for which payment is provided under the terms of
the contract. Accounts sSo submitted must be accompanied by certificate of the Contrsctor,
supported by receipted bills or certified copies of payrolla and freight bills, showing
that he has scquired said constructicn plant and material free from all encumbrances '
and agreement thst it will not be removed from the site and that structures and facilities . '
prepared or erected for the prosecution of the contract work will be maintained and not
dismantled prior to the completion and acceptance of the entire work without the written
permission of the Contracting Officer. If the Contracting Officer finds that said 4
construction plant, macerial, equipment and the mobilization sand preparatory work perforued
are guitsble snd necessary to’'the efficient prosecution of the contract and that the said "
preparator; work has been done with proper economy and efficiency, payment, less the :
prescribed retained percentage, will be made therefor to the Contractor, Payment for t.
construction plant, material and structures and faci{lities prepared or erected for -
prosecution of the contract work shall not exceed the cost thereof to the Contractor less
the estimated value upon the completion of the contrsct as determined by the Contracting
Officer. In no event shall such payment exceed 100 percent of the cost to the Contrsctor
of any such items which have no appreciable salvage value and 73 percent of the cost to
the Contractor of euch items which have sn appreciable salvage value. The findings
of the Contracting Officer as to the ayitability and value of the construction plant,
equipment, materfals, structures or facilities shall not be subject to appaal.

SP-28.2 Paymente for mobilization and preparatory work will be made in accordance with
5P-28.1 gbove, and such payments will be deducted from the contract price for [tem No. 1 ,
“Mobiltzation and preparatory work,” until the total smount thus charged to this itea
reduces this item to zero, after which no further payments will be wade under this item.

Uf the total of such payments made does not reduce this item to zero, the balance will be
patd to the Contractor in the final payment under the contrsct. The retained percentage
will be paid in accordence with the clause of this contract entitled "Payments to
Contractor.”

o
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Serisl No, DACwob=80~U-0018
vaxl v
TECHNICAL PRUVISIUNS
StLTIuUN 14

ENVIRUNMENTAL PRUTECTIUN

s >Cubt.

The work coverea by this section consists of furnishing all lebor, wmaterisls enc
eyvioment and pertorming all work requirea for the protection of the environment
gquring construction operations except for those measures set forth in other TECHNICAL
PRUVISIUNS of these specifications.

2, NEFERENCE,

"Stangaro Methods for the Lxemination of water oend naste nater,” Ffourteenth
tagrtron, 197%, published by American PFublic Health Association, 1015 Eighteentn
Street, N_n,, nashington, D,C, 2003e,

5. GLEntwaAL,

tor the purpose of thia specification, environment protection {s defined s the
retention of the environment 1n {ts natursl stete to the greatest possidble extent
Quring project construction and to enhence the natural appearsnce in fte final
conurtion, Lnvironment protection requires consideration of sirs, water, eng land,
an0 'nvolves notse, Solidvnaste manggement and mansgement of radiant energQgy and
reQioactive mateariadils, es well o8 other pollutents, In orger to prevent, end to
provige for anatement ano control 0ot, eny environmente! polliution aerising from the
constryction ectivities, the Contractor and his subcontractors in the performance of
this contract, snall comply with sll appliceble Federsl, State, and locsl lews, anc
reyulations concerning environmental pollution control eno sbatement,

4, NUTIFICLATIUN,

ine (ontracting Utticer will notity the Lontractor in writing ot sny noncomplience
with the aforementioneo tederaly, dtate, or locel laws or regulations, 8Such notice,
when deliverea to the (ontractor OFf his authoryzed representative at the site of the
wora, sngll te ueemead sutticient ftor the purpose, Jhe Contractor shall, atter
receipt ¢t such notice, 1mmeajetely intorm the Lontrecting OUftficer of procosed
currective action @nd tawe such action a8 may be epproved, 1t the Contractor fails
or retyuses to comply promptly, the Contracting Otficer mey i{seue an ofder estopping
all or part of the worx unty! satisfactory corrective action has been taken, NO part
of the time |lost adue to any such Stop orders ghall be made the subject of s clata for
extengion of titme of fOr excess COStE OFf Jemages Oy the Contractor,

De  SuBLUIRACTURS,

Lomultance wi1th thne wrovisions of thig section by subcontrectors will be the
restonsit 1ty of the Lontrector,

. IMepeMevTat TUN,
¥rior tu commrencement ot the work the Lontractor shalll

(1) Suomit 1n wrtttny m19 provosals for implementing this gection for environment
protection,

{d) Meet with representetives of the (ontrecting Uffticer to develop mutuel
unarrstandings relative to corpliance witr this provision ang aomintigtretion of the
environment (rotection prouram, Aucroval ot the Contrector’s plen for environment
protection will not relreve the (ontrector of hye responsibility for saequete snc
conrtinuing control ot pollutants,
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7. PRUTECTIUN UF LAND RLSUURCLES,
The leng resources witnin the Project boundaries and outsiae the limita of A
permanent work operformeg wunyger this contrect ahall be preserved 1n tretr present

condition or be restored to & condition wfter completion ot construction thet will
eppesr to be netural ang not oetract from the appesrance ot the pro)ect, The
Contractor shall confine his construction uctivities to aress aefineg Ly the plans or
specitications,

8, PRUTECTIUN UF mwATbK KESQURCES,

8,1 Gansgral. The Contractor shell not pollute streems, lakes or reservoirs with
fuels, oils, Ditumens, calcirum chlorive, acids, herbicides, insecticides, or Oothaer
harmtyl meterral, The Contractor shall 'nvestigate ena comply with aill applicevle
Federal, Stete, (ounty and Municipal laws <concerning pollution of surface or
subsurfece waters,

8,2 JSpallagss. Speciral measures shell be texen to prevent chemicala, fuels,
4 ofls, gQreeses, Dbituminous materials, woste washings, sewsge, chlorinated solutions,
herbicides and insecticides, anc cement and concrete Jdrainsqe trom entering gyurface
and subsurfece waters,

8,3 Uiagosaal of eny matertals, westes, effluents, trash, gerbage: o1l, grease,
chemicale, etC,s In areas sjacent to streums will not be permitted. It eny waste
materisl is dumped 11n uneauthorized areas, the Contractor shal) remove the material
anc restore tre ares to the origind) conuition before veing oisturbed, 1f necessary,
contaminsteo ground shall be excaveted, uisposed of as directeg by the Contracting
Utticerr aeana replaced with suiteble f111 material, compacteg enc finisheo with
topsoil end plented 89 required to raesteblish vegetstion,

9, PRUTECTIUN OF FISH AND w]LULIFE,

Ihe Contractor shal) et al!l times pertorm all work ang take such steps required to
minimize interference with or gisturbence to tish end wilolife, The Contrector will
not be permittec to alter wotertfliows or otherwise disturb netive havitat 8cjecent to
the project areas which, tn the opInion of the Contracting Ufficer, are <critical to
fieh or wiilalite,

10, BUKNING,

No burning will be permitted,

11, WVAINTENANCE OF PULLUTIUN CUNTRUL +ACILITILS UURLNG CUNSTRUCTIUN,

Durtng the li1fe of this contract the Contrector shaell mavntein all tecirlitiaes 4
constructeo for pollution control uncer this contract as long a8 the operstions
creating the particular pollutent are being cCarried out oOr until the material
concerned hes become stabilizeg to the extent that pollution 18 no lorger being
created,

1, WUALITY CUNTRUL ANU COMPLIANLE,

The Contrector’s waquality control system end the geteilen plane submittea 1n
SPECIAL PHUVISIUNS shell incluge ebetement of environmentsl pollution, disposal of
dedris @eno wastes, control of duet, «any otner appropriete megsures to effect

coepliagnce with the provisions of this section, The Lontractor’s aquality control
organizetion ehall particivate {(n required job training coureses oh envirgonment
protection, Oetficiencies or noncompltance as noteo by the Contracting Ufticer’s
Representetive will be eaminfeteread 1n aCcord with the procedures specified.

Hecurring geticiencies 1n abatement of environmental impects will slso be considerec
edeqQuete reason tor remova! ana reglacement of 1netfective Quelity control personnel
including job supervisory statf and the (o) resident oroject mensger,
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Serf{al No, DACWG8-80-8-0018
TeCnNICAL PRUVISIUNS
SkCllun to

SUFPLEMENTAKY KEWUINEMENTS

1. Gt nbrmal,

Ihne worx covered Dy thnis section of the specificetions consiate of work common to
more than one section of these TLLKNICAL PROVISIONS, when used n these
Speciticstions of n retferenced publications, "Engineer,” is synonymous with
"Lontracting Uftticer,”

2., PLANT AND EWUIPMENT LIST,

In adortion to the reauiremerits ot Stenaerd Form 22 for a liet of plent and
equipment proovsed for bicoing, the Contractor shell furnish a complete list of ol)
plant eng equipment, exclusive of shop equipment, to be used on the project, In
guultcate, within 350 cays efter date of receipt of notice to proceea, The Contractor
shell submit as pert of his endeofethe=montn request tfor peyment, upeto=dete plent
an0  ecuipment liste throughout the life ot the contract, Lists shell include rented
eqQuipment a9 wel) as lease-purchese or sale-leaseback squipment, The fnftial 1{et
8" the revised monthly 1ists shell 1{ndjcete dcates equipment s 8ssigneg to or
removed from tne project, vates deaclinea for repairs and returned for use, and
sQequste 1aenti frication or description of each item of equipment including
menutacturer’s name (sbbreviatey), mocel number, manufscturer’s oeertel number, and
Contractor’s assiyned seria)l or recoro number,

5. hayL RUAUS AND ACCESS wUADS,

3.1 EBrotection_snd Hestaocatioo.of txialiog Faclililisa.

Ine (ontractor shall protect all existing facilities owned by the Government ano
other contractors, whether or not BhOwn on the drewings, during the life of this
contract. upon completion of the work, alil the existing facilities not included es o
portion of the work shall be left 1n a condition equal to the originel condition
prior to the contract, Costs tor maintengnce, repeir and reetoration of any
fecilitres shell bDe consicereg to be incidental to end inclyded in the bidaing
schedule prices,

d.¢ Laratypg Accesa Koada.
tor worx areas a8t the nravigation lock oeck, existing accese roeds shall be kept

oven to tratfic at all cimes., The Contrector {8 responsidle ftor control of treftic,
parricsdes, signs, and flaymen as 8pProveo by the Contrecting Officer,

4, LGCATIUN UF CUNTKALTUN®S OFFICE AND PAKKING OF PHNIVATE VEMICLES,

Ihe Lontractor’s jobsite office or offices shall be locsteg eo that people

visrting the Lontractor, such &s ssiesmen or personnel seeking employment will not
have tO enter the work ares to get to the office, No parking of privete vehicles
shall wuve permitted 11n the working areas except o8 oOtherwise epproved by the

Contracting Ufticer,

Se JuRnTIFILATIUN UF VEMICLES,

In order to keep proper control of vehiclmg in the work aerea, all Contrector’s
venicles shall uispley suiteule permanent 1dentificetion,

)
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6, balstinG SAnITAaTJun tallLlbles,

Senitetion tacritties gghall be turnighea vy trne Contractor 'n acloruence witr
tEM 38%-lel, txisting public toilet tacrltties will not be gvatiat'le tor use Dy
Contractor personnel,

T, PAYRULLS AND APPRENTILESHIPS,

Attentyon 18 uirecteu to LLAUSES PATHULLS AU BASEC KELUKDS of tne GE'kMAL
PHUVISIUNS, This paragraph recuires wee:ly submittal ot all ravrolls tor orime
Contrector end syoContractors, It 13 to bpe notey that the adaress anrdy Socral
Security Nymper of each person 183 to be incluoed with the fyrst suumrtttal of the
worxer’s nare on the payroll,

8, PURCmASE UNDENS,

Trree legible copres of 8l purchase orders for materials incorporateg into the

work showing fyrm names ana adoresses ang li1st of materrale shall ve furnisned the
Contracting Utficer as Soon a2 13suel, &8N0 i1mmediate notice shall ve yrven pam of
recerpt of any material tor the work, tocether with getarley liets ot tre sare,

Urders snall contain the contract number, apilicavie bDI¢ tiem nurber, «4nd the prece
mark numper of the item Deing purchasedu, Furchase nruers 8hal)l 1ncliuce the name 8NC
sddress of the manufacturer ana favricetior Site,

9. VUTILITIES,

9.1 pater.

No Lovernmente=furnianed water '8 aveiialle,

9.2 flsgtricaitx.

All  reasonadly rfequirea amounts of electric power will be mage avarlianie to the
Contractor by the Lovernment from the Lovernment=cwned or =~operstea electrical
systems st the project 8nc will be supplieu without cost to the Contractor, Pamer i3
a.81lable trom ex18ting 480=volt, S=phese, 30-ampere (maximum) receptacles locatea at
enus of the navigetion lock wupper ueck sang from J2u~volt, l1Seampere receptacles
'ocated et intervals on the navigation lock upper Jeck, All temporary connections
shall Des subject to the spproval of the Lontracting Utficer, All electricity snall
be caretfully conserved, It, for sny reasor, the Lovernment 13 unapie to turniah all
ressconable samounts of electric power reautread by the (ontractor 1n the pertforrance of
this contrect, it shall be the resconsibility of the Contractor to provide ar
sgequste supply of electric power at Ni® Own expense, subject to reimbursement by the
Lovernment on an actuasl cost Las)s tor tre power used, No separate payment will be
made for the cost ot lavor or materisls turnigneo Ly tre Contractor for instatlatior

ot such slternate power sucply, Tne locetion of all powerlines and &l temporary
connecttons for electricity shal)l be subject to the soproval of the (ontracting
Utticer, A)) temporary Ccircuits ang cevices shall e fyurnishea, 1nstelleo, connectey

ang meintained by the (ontractor in 8 worrmantjue manner, 8ny shsll be rergvea Dy the
Lontrector 'n like marner at his espense i r10r to final acceptance Ly the vovernment,

9.3 Laomaressed Auic.

o Lovernmentefurnished compressed avr s availavle,

10, TeMPURANY ELELTRILAL wlkING,

The tollowing requirments for temporary electrical wiring supplement are tnose
noted in Sectian XV of GENERAL SARETY HEWUINEMENTS, EM 3uSel=f, bSingleecondguctor
wires such eos Types wP, K, kN, 1, ano Tr wtl] not De 1nstallec unprotecteo along the
groung or wolkways or within reach ot (ersons on yrounad or wadlik:ays, These wires
snhell etther be protectec tiy conduit (excect Type aP) or Le supporteoc by 1nagletors
Leyong the reach of gersons, Inese =~1re types are not ecceitanie ftor festcon
fighting ena shali not ©be used with insuletion piercing socCkets, tor testoor
lighting the use Of J=conuuctor No, l¢ neokrene brewery Corg 18 eccectarle provioceo
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thal where the COru 13 suspengea, the use of welye~type strein <clamps such a8
“Nelbrapie” type KM 15 useO 1O taxe tne stravn, Type 5, Sts or 8 ("Tirex®,) sha)) De
UBtO whefe COrus afe sSul';j.~t to extreme congiItions such as rocky grouna, vehicle
treattic, trequent noves 2lorQg  the groundy ang frequent exposure to moisture,
hunmetallic sneethea cat.le any service entrance cadble shall not be use a8 portabie
LOFa  run  alung the yrouno of suspended 1n the air, hnhen exposed they shall be run
ey Irat any fystenen Lo Cuntinuous protecttve s.rfaces, Type NM (1ndoor) nonmetsllic
sheathed catle 8hali rot Le exgosed to nmoisture, lype NML or service cable shell be
vgeou for outoocor ynstellation 8NO boxes used therewith shell be mede of insuieting
nsterial, Latirnets or Cutout! boxes tngtalieu where exposec to moisture shall either
ve reintiynt or shall ve protecteu trom wor1Bture, Uvoxes 8and cabinets shall not have
wires anu catlus § 8391Nny tnrouygh Bharp=ecyev holes, Ingivigus!l wires shall enter
toaes in  (onduit or tnryugh noles busned witn insulating meteriel. C(ebles shell
enter toxes throuyh bPushings or LoOx connectors, A11 metai which enclioses Ii1ve
electrical conuuCtors shall te groundea witn the excepiion of §solateo trxeo boxes in
ary lccatiuns «nN3 %0 wlaceo that perscns cennot touch the Lox #nd symyultenecusly
tOuCh or te StANUINY ON the Qrounus Concrete or 8 groundea metal surfece, Trhe term
"enciosure™ 1nciuuts satetye=swmitCh ang notor=stertec boxes, panelboard enclosures,
s=1t¢n anu gutlet roxes, ana the frames ot portabie power tools, Metas! etenas far
vorteple tiavaliynts also shrall ve grounded. nater=pipe grounds shell be used
whtNnever gossit le, all "rgue® ygrounas shall provide 8 maximum ground resistance of
<5 onrms, Lrouna wire connections ghall utilize clamps or 1uge 80 o8 to provide a
feChanically sounus loseresistance connectron, Grouno wires shall be of the size
spwecrtriea vy the . L.L, any snal) pe run or protected to avoid injury, 11t subject to
tiexyny of wviOration, the grouno wire shell be strandeu, Groungding ot porteble
electrical eauiprent tnclyutng floonlight stangs shall be accompliphea Dy means ot an
falra conuuctor within the cora anao an sco'tional contact on the receptacle plug so
arreryeo trat the ¢cIrcull ond groung Conuuctors Cannot be interchenged. irne neutrs)
conduclor srall not ue useu ss the grounu conductor, Mechanical protection end
stranging ot the Lrounu conguctor shaii ve eauel to thet ot tne circuft condyctors,
Lt o {ontractor’s tortavle equicment hes piug Cep® which will not match receptacles
eLuir,eu w'tnh 2 Jrounuainy  connecttion, re shull replace the cord ang plug to the
Prover type and permacentily connect yrounuy wire 20 eqQuipment case, bround wires in

portarle corus shall always bDe 10entytieq Ly ¢ yreen color ano neutrsl conguctors
3nal) Le white of urdy. OSpecial care gnsll be exercigea n making up portaple cordas
tv oe sure tnat the circult anc Yrouno conrguctors are not interchanged, The trames
ot 8t] portatle enyrne=yenerator plants snall be groundeo. This will ususlly entervi
a Jdrjyven ground audjacent to the sachine, Ine neutral wire ot plants having en output
viltaye ot 1195=-¢35V volts three~mire ol!so shal) ve gQrounced, All  ungroundeo
conuyctors shall be protecten ty tuses or circuit presxkers ot no higher ampere rating

tha allomeu Ly the w,tl.l, Tre Luntractor snal} provioe sno maIntaein in use on the
site a suitgule urounu testinyg cevice anu authoryzed auelity control perscnnel shell
pertorm tests 1niytialiy anu subseuuentiy whenever temporarfy ~iftng 18 altered to
essure the acequacy ufi "nan-wade” yrounas. w~eloyng machine lesdas shell De kept free
Ut tare spots or.a Bulices sShall be mage using stencsrd nsulating eplicing devices
maoe tor tre (urpose, tvery motor shsl! rave @8 drsconhnecting means (N sight ot the
controller loucation or arrangeo to ve lockxeo yn  the open position, nork on all
terLorary vlectrical wyring shall Le perormed only by aquelified journsymen
flectriciars. terporary electrical wiriny shall oe considered as incicertal to the
wUrR 8rd no Suiarate poyment will Le maoe tneretor,

11, WLRR ahb A,

Lentragtur’ nmoterval styrayer wOrk anu pa8rking aress shall be as epproved by the
Luntractin,g tti1cer ana as 1nyicated on the drawings,

1¢. Ust ub PLabtrnUudEk fidlant VELR, SPLILLWAY bRIDGLE, ANU  NAVIGATION LOCKR BRIDGE
AfU rUAUKAT,

‘ne pomernouse  Initare  JeCk, spilliway brioge, and the navigestion lock deck sng
Lrtage may ve useo tor )limitey scCess to tne work ares with Lontrector vehicles only,
Hauling ¢! matertrals anu trensiorting of men and equipment wil) be permitted on this
rosuway Syt ect to o 1oau limitatron equivalent to the Stendard Highwey h320 loscing,
loe Lentractur shall protect the various portions of the structures trom damege by
traftic, prevent materval trom talliny through the deck openings, end 8l80 keep the
areds 1n ysc clegneu up and oraerly at all times Juring use, Vehicle sveeas, specia)
1 receutions, anru satety neasures shall be 43 airected by the Lontracting Utticer,
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13, VALY ticanubk,

All debris resvlting ftrom the work:, dSuCh 48 LaCainy Ce8ed, cCment bvacus, scCreou
Vumper ano other Gdebris snall ve colliecteu any removet trym the wors ares  yetiy ang
utepasea of oft project leng, all costs uf removing ocurie shal) ne Incruental to
the work, ano no pepAardte payment will ve gue theretor,

14, ULISPUOAL UF wAbdlt MAILKIALY,

CoileCtrion ano uisposse) ot 8)) w~este naterials shall De performed 1n & menner and
with B8such necessary scattolaing, nets, enu coliection tacilityes eNG euurpment 8 toO
prevent any acctuental or aeliberste discosal of maeterrais 1n tne loca charner or n
any wdter ares ot the Gem., Al]l tloeting riunt usey tor storage oeno hauling ot Jecrrs
anNG waste raterials ftrom conBtryction operations sheli have conternment walls o
mitnimum Oof 4 feet 1n height anad oOf minimur S*inch timbers rigiuly 1ngtallea
surrounatng the detris collection aree, LoOoncrete materials anv any sanutlesting sena
collected auring surfece prepdfetions ono BuPtece coeting abilications srall ne
J18p08ea ot et the waste Ol18rusel Bite 1nuUICIten ON the Jrawings,

19, 1LLUMINATIUN,

1he Lontractor shall turnish #l) plent, euyuipment, lavour ana materiels, excevting
vovernrentefurnishea electricity ana ereg ti003 lighting, to ‘Insure auetuvate
yilumination tor operstions 1n accoraence with the provisions of Odection 2 of

LM 38%=1«1, GLENENAL SAPLIY  NEWUSKEMELTS, Ine term “aoequate 11iuminetior” ¢8 used
herein, sheall be consStrusy s the sinimum L1yntIny Feauired to provive Safe wofring
congitions anc provice sufticient lrght to pPermit the wyrk to e vertoreey in
CCOruyence with the plans ana spectificeations andg Lo permit compliete Vnsiection of all
work, No uvrect payrent will De ma0e tor irovidinyg such 1liuminetion @nu the coust
thereo! serall bpe <consfverey a8 incicentsl to 8nN0 1nCluvey 1a the contract Tump sy
price,

1o, WUKR ARLA ALCLSS,

The Contractor shall submit tor approvel, any Bscaettoluing, lsoccer, sterrway or
other accessy schemes he proposes to use, includiny tywe, layautl, end connegtions,

Approveo sntisitp surtace material ehail ve installes on scaftoluiny wlettourme,
Scettoloing sheil comply 'n every respact ewith ¢+ $85=le], otubwal SAPEITY
MLWUIKEMENTS, The Contracting utticer’s siproval will not Le consinered 10 relreve

the Contractor of any responsibility for complirance with the contract «na applicedle
State laws, ine Lontractor shall provice access to the wOrk erve 'n the loca champer
tor the Contrecting Utticer or any inspector et atl!l times,

1/¢ LULR UPERATLIULS alw CLUSURE FERILLS,

ihe boverrment will meintain Jlock opcrations thruughout the contract perioca,
except Quring the 24=hour any the d=weex lock closure perious srecifirea '1n paragraph
S5F=1,3 of the SPECLIAL PrUVISIUNS., Tne (ontractor will ne yiven auprosimdteiy ) hout

aogvance notice of lockages to ellow renoval of equipment ano personne! from the lochk
cheamber ano to pertorm any necessdry ovierations to allow I1nterruption of tne
tontrector’s wora opersations 80 lockayut may Le pertormen, Ine avereye tyme for o

lockage trom arrival of a voat ot the loCk entrence d4no completyon of lockege s
approxImately 1l hour, LOCkdages exceeu !y 1 hour cayseo by gelays Jye ty the
Contrector’s ovarations such as splitting of 1tOowd bhecaule ot the Lontractor’s
equipment 1n the Jocx shal] not be <rage the wsubject of a cle'm againat yhe
Lovernment, AN aversge Oof seven commerc) ! voatl lockages are mede edch Oay @8t Lower ®
Munumental Lock, The water in the fock witl De metntaineu Ly the Lovernment within o
renge of ¢ taet of the levels requesteg by the Lountractor to ftecilitate nrs
operations at any time when working tn the loCk chamuer, The GLovernment will vary
the water tevel yn the 10ck chamber 8t ~inimum 1ntervals of 4 teet, Ihe Contractor
anell notity vovernment personnel at least !¢ hours 1n acyence of ary rnreeo fur an
sgjustment 1n water leve! 1n tre 1O0Ck ano ot leawt 48 hours In advance v! the neeu to

lower the water leve)l below the to@1iwater level, Mhen tne water level 'n the lock 19
to e Mmeintained 4t an elevetion oveios tetlweter lavel, the vitterence 1n water
tevels shall ve at least 7 feet ana tre (ontrector shall furnisn personnetl to guerste
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vovernacnt oyt 8 Lo tuntinuously contryl ienkgye 8o that tne dgifference in nmater
ievels neesuwvs tgy Sedt the unwaterinyg vulanest 18 mainteinea, The Government will
FEULITre ¢ A ufs tu vOricim the wOFfK FeQu'red tO unwater OF rewster the lock, The
LOrtractor ohnaill gsinewule® Lis operstiong go that the Lovernment will have timg to
vertors an, uhwaterity an: rewatefing ot Lhe navigetiyon lock without extenaing the
schevuter s Nuta P FFIL,

1 -9 YN T T SR Y S SR U TR

100l Lullil tEetS8. 08LR8SMauw-

IPe  Luvgriorent aliuws  Ant meINtaINS  access across the dem to the public using
Gfivgtlte ver1cles Juring the to311o=Vvny ROUr (€r1008 Uuring the year:

——————— e BULLE oo Louca_ulueo to-tukllc Acceas
ay thra B uust S Am to v PM
Sep'wTeer dna tictater b Am to 8 #Mm
Wve PP UnPy Feurfyary ! a» o S Ph
cafeh ang sprsl o AM  to 8 Pm
lre Lontractor snall Arranie nis =ork scheiules any operations on the naviystion lock

“fLa te vaintato a4 Clegr single Jane dccens ot Yefoot wiuth through his work sress to
Al Vow Jut-tic afcess Lufing the at.ove listed putrtlic sccess Periode anc tov allow eccess
Ly voverr.ent venscles At a4l tinces,

1o, _ugufilM.tilid '™ tne locx may e used aplx for securing floating plent in
place, they asnatl net Le uSed for einching of woving ot floattng pleant,

[ Oabt LihbtaxA.L (bt PrULLDUNES,

n  prfujectle=upmratet sate clearencer Lroceoyre wiil ve 1n ettect during the contract
perYon, kil uieraticr ot eiectrical switches and wmechanjcsl velves shal)l be
COUFIINAteg througt the (ontracting Utticer’s Hepresentative with the dam operetions”’
ottice,

U, LL #. b R)grn-o,

tne  Luntraector shalid 1nstall o setistactory mean® of communicetion such se o
tetesnyne or otner relislle comaunicetion device between the navigetion lock upper
UELR and tne =O0fW ofed Y tne Jocx chamrer, The Contractiny Ufticer or any inespector
statl e (revinen use 0f the communication ueyice Ot sny time ypon request,

L 3 X 3 N J
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Serial No. DACWG8-80-E-0018
TECHNTCAL PROVISIONS
SECTION 1C L
MEASUREMENT AND PAYMENT |

1. GENERAL. In ecach instance the contract price for an item
shall constitute full compensation for furnishing all plant, labor,
cquipment, and materials and performing all operations required to
complete the work included in the item as hereinafter specified, [
as shown on the drawings, or as otherwise approved.

2. MOBILIZATION AND PREPARATORY WORK will be measured for
payment as a complete pay item (job) in accordance with paragraph .
SP~28 of the SPECIAL PROVISIONS. Payment will be made at the E
applicable contract lump-sum price for Item No. 1, '""Mobilization and .
preparatory work," which price and payment shall be full compensation
for mobilizing all necessary equipment at the site and performing any
necessary preparatory. work, including test panels, for performance of
the concrete repair at the lock structure, as specified and approved.

3. LOCK WALL SURFACE COATING. The surface coating of the lock
wall concrete surface will be measured for payment as a complete pay
item (job). Payment will be made at the contract lump-sum price
for Ttem No. 2, "Surface coating,” which price and payment shall be ?
full compensation for furnishing all required materials, equipment,
and labor for installation of the specified surface coating, including f
surface preparation and painting stripes, all as specified and

approved. i
* k k k &
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Seris) fho, LACWLB-80-B-0018
TECNNICAL PRUVISIONS
StLiiun 3A

SURFALL CUAYING

1. SCUPL Ut nukkK,

The work Covered by this section consiste of furnishing ell meteriea! eng
equipment, and performing all labor for the prepsrstion, proportioning, end
application ot & shotcrete coating to the 1nterfor wall surface of the navigation
lock, Common terminology thet has vveveloped refers to the specislized shotcrete
coating as the “spray-on® or "sprey=up® procesa, The coating system specified herein
shal) oce spplieo to 8ll concrete surfaces (except as noted below) of the navigetion
lock walls within the lock chamber, extending from the level of the roadwey deck down
to the construction lift Joint ot elevation 435.0., Shotcrete costing shel) not be_
svpliea to the concrete surtaces of the upper afll, bridge upstream eng downstresw
Titt "gate Trecesses, mooring bitt recess access (aduer recesses, end the cable’
guaras at monolithe &7 _sna &8, InTtTal preceration ot surfeces (o receive shotcrete
may be performed et any time between lockeges and during the scheduled lock closure
pericos as specitied in paragraph Sk=1,3 of the SPECIAL PRUVI3IONS, Appliceation of
the shotCrete coating shall be pertormed only during the above specified lock closure
periooes,

2. GERERAL,

The lock wall surtface is Ceterforeting through feflure of the morter portion of
the concrete, This {s primarily the result of freezing end thawing while the mortar
'8 saturated, The surtface coating to be epplied under this contrect will protect the
existing concrete from further deterioration, However, the Costing materiel ghall be
properly mixeo and applied ano ahall be spplied oniy after the extsting eurfece has
been thoroughliy prepared andg cleaned, Previous laboratory and field tests st Lower
Monumentas) have demonstrated the quality and practicality of doing this work under
construction contract, Proper and thorough_sdvenced planning and preparations ere en _
c-gpnt|-l part of the Contractor’s operstions_to {nsure that_sl) surfece costing work
18 completeq a8 specitied in parsgreph SP=1,1 of “the SPECIAL PROVISIONS beceuse no

i n be oLlou;q‘ A detailed and extansive report concerning
test results ano observetions made during spplication of the materisl to & trisl sres
under s constructton contract ocuring 1978 has besn prepared for the Government by o
consultant., It includes photographs, OJeteils of production rates, problems with
various conetruction techniquess etc, This report {s availadlie (one per bifdder) upon
written request,

3. CUNLUCT UF nUKK,

3.1 Elap-ant_vsscatian.

rithin 10 ceys after the dete o0f receipt by him of notice . to,_g;gq;gq. xng
Lontractor enal) aubmitx ftor review o cetailed plan of opers |o sinimue
plan shell include the number and size of crews, ours _per ¢ .nd number o'
ani1fte, tvoe end leyout of plant sno -qd1inont ond*oonuoneo of operstion for both
surtace prepacation and_agmlication of surfece coatings

3.2 pack.dcheguls.

—I1he Lontractor shall sunmit - 19 of_proposed_work progress by
han 10 _deys after receipt by him of notice to proceed, The work scheduls
shall be prepareo and submitte N accordance w OGRESS CHARIS AND
KEWUIREMENTS FOMN OVERTIME mURRK of the GENERAL PROVISIONS end shell be {n the fore of
r ch (] [ As & minimum the schedule shall {dentify melor fitems

®of worky show duratton and detes of work {teme, show floet time, and indicete eny
tntersction with Government work being performed during the contrect period, The
schedylas shall {nclude the {tems of work lf{eted below under paregrephl Jaguanta_pt

sock.
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3.} Jeuucuce ol sars.

The Contractor sral) scheuule hip opers.1ons 1N sccnifarge wit® the follneing
seqQuence of wark, ihe work sequence iven velow 13 vAtenyed 10 vartfy to rae
Government that the Contractor will be reaidy to pertorm the syrfsce i recaratior  ano

costing epplication duriny the scheoduleo lock closure partous,

(1) leat..Bsosll. At least 10 ceys prior to tne schevuled dd4=touvr lock closure
on 10 March, the Contractor shal) demonstrite hig methous 0! surtace preparetion ap
specitied 1n peregrapht Eielo Uaponslralion end construct sprey~=uu tcst farels ap I3
specified {n persgraphs Sgrax=Uo_Jless Psdelae. q.1.2

(2) CoatioQ AcQlicatico Apoxs Llaxsticn 343.0. UVuriny the 24=hour loce closure
perfod on 10 Merch the Contrector shall pertorm surface wvrepsretion and appiy
fibergless fiber reinforced sprey~up coeting materisl to the Interitor Jock wmolls
between the construction 1ift jointe et elevetion S44%,0 and the rosdway ceck level,
This work shall be & full scele test of tne Lontrector®s plan of onerativun, Aore not
complated durtng this time shall Oe completeg during the J-week lock closure perigy.

(3) Coating _Aoplication _Bslax. Eisyation 543.8. All requirec spreayeup costing
applicetions on the interior fock walis shell be performed ouring the 3eneex lggr
closure period as specified in peregraph 3¥«3,3 of the SPLCLAL PRUVISIUNS,

4, APPLICABLE PUBLICATIUNS,
The following publications of the {ssues listeo veiows, Dyt referred to thereafter
by beasic designetion only, form & pPart of this specification to the extent 11ndiceted

by the references theretot

(1) Axsritapn_Lonccsta Inatituta.(ACll.

ACY SO0b=b0b Recommended Practice for 3notcreting,
(2) Amecican Sociatx.for Jeslios and.Matsciala_LASIMl.

C 150-78s Portland Cement,

C 173~78 Alr Content of Freshly mixed Concrete Ly tne
volumetric Method,

C 231-78 Afr Content of Freshly Mixed Concrete by the
Pressure Method,

C 494=79 Chemicel Aomixtures tor Concrete, !

)

C 085-78 Concrete meade by Volumetric Batching eno Cont{nuous '

Mixing, t

S, MATERIALS,

e ——

S.1 Ggoaral,

~All__required guentities of _the specified, epproved nmaterisls 83 reuuired to
perform the complete sprey-up ¢oeting work shel) be on the Jobsite prior to 10 March,
Oue to the lesy time required for menufacturing end treneporting of tnhe hereinafter

opeaciftied ) mpterists h Chase Qrasra
he Co _Lhat thase pateriala_nere ocusced withia s oaxs
s isa to proceed, msterisls snhall be protectec at all tires
tO prevent demsge, conteminastions, snd freezing, N
5.2 Lasant.

incluaging telse
start requirementa, provige suitable cemen i

showing thet the chemics) and physice) properties of cement delivered to the jobsite
seer opecified requiremants, The temperature of the cement shald obe oelow
150 cegrees F. ot the time it 18 used, Cement shail be used within & months of the

3 R2, 79DEC20
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Jéte af rmanutacture, Leasnt they hae teen eaposed to morsture, conteing Vumpe, or '
thet t8 shipped to the ;00 site {n opened packages Shel)l he removed fro® the project
aN0 Nnot used 11 th1e wOliu,

S.% BAognistucea.

Admixtures shall conform to ASIM C 494, Type 8 or Type D, Atr-antreining
agrjxtures  and_ eccelerators enhall not be useu, It shall be the Contractor’s

resLonsibiiity to be certain that any admintures used shall be compatible with the
cement and latenx,

S.4 patec.

nater shall oe ciesn and free from 1njyurio s chemicals, Potable water may De
useqa,

5.5 Latex.

' Latex shall na “"Saran Cement Mooitier 3SR® formulation conteining 8&pproximately
SU percent soligs with an antifoaming auditive svailable from Dow Chemicel with o
2ales ottice in dellevue, mh, Telephones (206)855~7250, Mr, Loug Heeo, TR
Aubasitutiop fae the latex materfe) will be s)lowed, Severa)l years of extensive and
tyme consuming tests have alresdy DbDeen conducted on mixes conteining latex
formulations eauivelent to the one specified, and the Government would reaquire more
time than the contract perfod aliows in order to approve & auvbstitute materie),

5.0 Eipacalasas Eibera.

t Fibers shall be single=-strand, multiple-filement, slkali~resistant fivergless for
use in cement costings as produced by Uwens Corning Flbergiess Company, fibergless
Yower, Toledor UM 43659, teYephone: = (419)2a8+-8832, Mr, M, J, Molloy, The fiber
length for the spray=uP coating shell be epproximately 3 to 4 inches. _Ng
auRatitution for the fivers will be ellowed, The Government hes @elready conducted
4 severa)l yeoars cft long and extensive tests with mixes using the specified tibers, and
¢y more time than the contract period allows would be reauired for aspprovel of
substitute matertael, Acquisition of this meterial is subject to conditions Imposed
by Uwens Corning, It eshell be the Contresctor’s responaibility to setisfy the
congitions ot purchase of this material,

5.7 Agoreqatea.

Unly ftine aggregate will be used for the shotcrete mix, The aggregete shall be
obtsined from the Lovernmenteowned stockpile just upstream of the dam st the locatfon
| tnoiceted on the drawings, I(he eggregate is J00 percent manutsctured gnd washed
i meterial proouced from larger grevels and stockpiles seversl yesrs ago, Typical
3
]

gradat:.ons of the stoCkpiled materisl a8 they were tested last yesr and vused fn o

smal) spray~up trial are listag et the end of this parsgreph, Frozen lumps, orgenic

material, oversizea rock and other foreign seterisl shall be removed from the

sggregate pefore it s usead, The Contractor may slect to screen off the coarser
; material and uze only that aggregate which is finer then efther the No. 4 or No, 8
sveve, Trne Contractor shall perform eny reqQuired processing of Governmentefyurnished
l aggregate prior to the stert of spray=up costing spplication, Subject t¢ aspprovel by
the Contracting Ufticer’s Repregsentative, the Contractor may substitute tor the ¢
Government=furnished esggregets & prepackeged slli{ce send typlicelly used Tn noruy-ua

coating anslications and fyrni{shed By an estepTianed supslier, ;
JYBlCAL ELINE AGGREGAJE GRAQALION FROM JHE GOYERANMENI _SIQCKRILE

Sieve Designatton, VU, 8.

--Slandard Souacs Mesh . Barcsot. by naights Passing
378 in, (9.5mm) 100
i No, 4 (4,75mm) 99
No. 8 (2.36mm) [ 1.]
No, 16 (1.18mm) 63
No, 30 (0.60mm) 3¢
No, S50 (0,30mm) 19
No. 100 (G,15mm) 9
: 3 R2, 79DEC20
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6., COATING FUKMULATIUN,

The formulation for the sspréy~up <cOsting oshall ve a8 uiven VUelow, ™inor

varietions may be approved Or afrected Dy the Contracting uUfticer’s Kepresentative iIn .
the flelo to ftit epecitic conaitions exfsting et the time ot plecement, inege
varistions are primerily f(ntended to take {nto eccount moigture veriestions Vue to 1
eveaporation end the degree of moisture in the sggregete, Ilhey nay also he used to M
adjust for situs) specitic gravities of the sggregate used ang to provioe the prover !
somixture etfectes, A change to different cements of e special cement such as
Tyve 111 or Type % wi)l) be spproved only 1t the quality of the tiniteh product will be
at  least that which would have been schieveg wilh the specitiec coement, end only {f
the proposed cCement has demonstratec {te Froperties and performance for the same type
of applicetions tn the peat, It will be the Contractor’s responsibility to Jocument
such @& proposal tn writing, Approval 18 subject to the Lontrecting ufficer’s
evalustion end {8 not guesrantesd,

BAICH BEIGBIA_(PUUNDS/CUBLIC YARR)

, dI1Ll Btlin]l
neter 2us
Cement 1720
Fibers 117
Letex 520

; Fine Acgrcoatcl 860
w,R.A, (oz) 15

80It: ! Fine sggregate batch weights shell be aadjusted for moisture and specitic
gravity,

2 The dossge of M,K,A, mey vary <consfdersbly GePending On the source anad
congentration,

Te SURFACE PHREPARATION,

7¢1 fGeaoszal.

Prior to applying the spray=up Costing, the surface shall be prepsreu by removing
ell locse, wunsound, end friasble weterisl end by removing sll surfece contaminente
SuCh &8 duest, 81it, old curing compounds oOrgenic oOrowth; etc, Yhe cturpose of
spplying the coating 18 to prevent continued deteriorstion of tne morter portion of
the concrete, Due to the deterioration that has occurreac to date, much of the rorter
fs very poors crumbly, enag frisble, All of thnis unsound material shall be coppletelx
removeg prior to spplicetion of the coating, However, the Contractor i

ceater_than foi/2 inghes from the o
inelly tformed verticel well syrfacg. It {s expected that the asverage depth of
remove) of deteriorsted meterial will be ftrom §/8 inch to 3/8 inch es messured ftrom
the exfisting surfece, A clesning method or combinastion of methoos that safely aenc
thoroughly performs this cleening without undercutting exposed eppreyeste s reauirea,
[] [} [] ) of the Contracting Ufticer sfter o
field demonstretion, Some possibIe CIeBNINg Procedures AF€ RIQhepressure waterjetss
air=water cutting, sendblesting, mechenicel brushes, or & compinetion ot these, in
addition, some manusl clesning wmay be necesssry with pneumstic chipping guns,
bushhammers, end hend toole, Satistactory measures shell be taken to protect the
expOsed eurfaces of emdedoed metal, the painteo surfaces of the ittt yastes, ano the
stetf gauges from damage ceused by the Contractor’s operstions, 1t s loCkage occurs
between the time thet surface prepsretion is completec anc the time thet the costing
{8 to be spplied, the surface shall be hosed down with wash weter sno the surface
shall air dry pest the point thet there s no free aurface moisture prior to
sppliceation of the costing, The Contrector eey do the majority of surfece
prepesration between lockages well {n advence of the shotcrete coeting application
dete, However, & tina)l clesning Ouring the lock ovtege pericao ang just Prior to the
actual epplication of spray=up meterisls shall dDe necesssry, Acceptence of surtace
preapsration will De determined by the Contracting Ufficer’s Representative at the
time of epplication,

* 3 a1, 79pRC18
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T.1.1 garcrater_Qutling.

Atrewater cutting stall te pertormec ~ith an eifr-wster jJet to expose clean, souno
syuregste, butl not 80 38 to unidercut the eoyee of the lergyer particles of sOgregate.
1te avr pressure used ‘n the jet shell be »r least 200 pos.i, 8nd the water pregsure
snall be just sufficient to bring the water into etfective {(nfluence of the eir
pressyre, Atter cutting, the surface sha)l be washed and rinsed until there s no
trace of clouuiness In the wagh woter, nhere® necessary to remove accumnuleted .
coastings, &toins end debris, wet sanablasting mey be required as the lest operstion
before plecing tne spray=up Coating,

T.1.2 plub=Pressuze_patec_Jel.

A stream of water under » pressure of not less than 6,500 p,s,.{, may be used for
cleaning, eacept that if the pressure is found to ceuse undercutting and to remove
excesstve materials, the Contracting Utficer’s Representative will direct that the .3
pressure be recuced, It the weter jet is incapable of sstisfactory Cleaning ang it ‘1
i9 not unuercutting aggregates, the pressure shall be fncreased or e supplementasl
methoo of cleaning shall also L used, lhe water jet equipment shall have s ratec
capacity of at least 10,000 pow,ie o

7.1,3 npet_Sapgblasting.

wet sandblasting shall be continued until unsound materies) s removed and wuntil L
all costings, stains, ana dedbris ere removed, The surtace of the concrete shal) then
*ye washea thoroughly to remove all loose metertal, Sand emitted under high pressure
trom Cclesting nozzles shell pat maske direct contact on any metsl surfaces,
Protective measures shall be taken such ss covering the surfaces with plywood or
other spproved methods in order to comply with this requirement, Spent blesting sand
shall bve prevented from arifting and lancing on machinery and on the gresse~costed

cables which operate the 1ift gates, -

T.1.4 pscbanical Clesning.

mechanical cleaning of the concrete surface by means of specisl power=driven iarge
wire brushes or abraders oesigned for that purpose will be sllowed it they remove
unsouna meterial end it they remove all coestings, steins, end ogebris without
fracturing ena atsltodging lerpe aggregate. Abrading in more then one direction will
protably be necessary tn oroer to do & setistactory Job, After brushing, the surface
shall oe washea thoroupghly to remove all loose wmateriel, dust, end debris,

7.1.5 Lislo. uesonatratiso.

lhe Contractor shal) ocemonstrate its ebility to meet sespecivi.ation requirements
for surtface opreparstion, The fielad ocemonstration shall be performed on a minimum
SUesauare foot srea of existing concrete within the lock chamber thet will later
receive sprsy~up coesting, The aemonstration shall be performed at spproximetely
elevetion 530,0 st & location selected by the Contracting Uffticer®s Representstive,
Uemonstretion of surface epPreperation ehall be performed (n the presence ot the
Contrecting Utticer’s kepresentetive, The Contracting Officer shall be notifiea st
least 7 oceys {n edvaence Of the dey the Contrector selecte to perform the field
cemonstration so that the Government can make proper esrrengements to provide the
Contractor & maximum of 4 hours undisturbed use of the lock,

7.1.6 Gaxeronent_Clsaping Lasecisocs.

The Government has observed verious cleaning techniques, methods, ana equipment
ueeo to remove unsound, loose, end frisble meteriels from the deteriorsted lock wall
surface, These include previous contractor etforts, epecific trisle done under
purchase orders and firstehend experience by Governnent personnel, The following
comments are e bDrief summery of what has been obeserved, They are mapoe for general
vecxgroung information only, They shal) not be construsd a8 on endorsesent or
aisspprovel of eny equipment or cleening methods, They represent an opinion bgsed on
fimitea experfence but are offered here so that the Contrector has the benefit of el!l
information svatleble to the Government,

(1) Avrewater cutting et Jlow pressures (approximetely 70 p.o.f,) will resove
only some of the loose frisble materials,
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(2) Pany sress have apyregate® typically 1=1/2 to 3 (nch in sile thet protryde
Oout up tO about 1/4 fnch past the depth of veterioreted concrete, 1hese ore alroat
slways tightly bonded and 4O not need to Le removed,

(3) nigh-pressure weter let equicment cepable ot presgures up to
10,000 p.e, 1, can remave most #)) of the unsound friasble materials, Ihe nojority of
1t comen_of?f very resdily, 1

(4) Light sendblssting wes releatively 11netfective 'n removing @11 necessery
materioel,

(S) Afr-opersted wire-brushing equirment e8sily powers out when pressed tiyhtly
onough to the wall to uouge betwessn @-:posed sggregete, It is suitsble for butting
otf dried elgee, and surface conteminante,

P SN

(6) The rotary type of hend~helg and sir-operated wechanicel ebrader removes
unsouno seteriale setisfactiorily 1t enough air {9 avaflable to power t, &ng wunti)
large asQgregste (s exposed, It o daffffcult to work over large asyareuste pleces to
ettective)ly remove unsound materials between them,

(7) Unsound matertals can often be prieds chipped, or picked oftf of the seurface
in about the lower two=thirds of the lock wall using chisels, screwarivers, anco
nemmers, Sometimes the material con be peeled off with bare hand ana fingers, it ,
typtcolly will ftall offt in pieces about 1/8 to 1/4 fnch thick ang 1/2~ to I5-squere
incheg {n area, Exposed large aguregete (8 left vehing, Agditionel cleaning betsean
the asggragate s sometimes necessary,

7.2 £xistico 3hoiccats.(oatices.
T.2.1 DMaopolild_R.

The surfece of monolith 9 has been costea with varfous types of spray~up coatinus
under a previous contraect, Portions of theee coetings heve vecome separasteoc from the
lock wall aend shall ©be removed before the new costing 18 epplieg, The surtece of
monolith 9 wes divided (nto etx eavel wiath test penels, Twoe ot the psnels were
constructed af conventional shotcrete, Four of the test panels were constructec ot
1ibergless reinforced shotcrete (two with letex sdoftive), 1t mey be difficult to
remove the loose portions of these coastings, The materfale have h{ghetlexural
strength and toughness, Even though they coula be totally debonaec {n some aress,
they will hold tightly to the bonceo meterfal surrounaging them, Al] ynbongeg
megerfiol gholl e resoved and the bonded meterisl wey ropetn in plece, Atter rerovel
of the unbonded costing erees, the entire surfece of monolith 9 snelil ve cleaned anc
costed with the gpray~up meteriel,

T.2.2 Exiatipa.Socaxcun.Lostina.Bansls.

The existing spray=up panels on monoifth 9 have been core driilea ot 24 locations,
Jhe__core hples _ere__ 3 inches in clameter end & to 10 inches in cepth anc shall be
cleaned and f{ilea by dev-packing with ap_spproveg pixture before the orea_is_costeo”
uith the spraveva setesisls

7.3 Praatrsas_foxar Proisciios.

Concrete, grout, and/or ePOXY ROrtar pstches cover the ende of urestressing roos
tnstallec in monoliths S anag 6, A contrect in 1978 repsired most of the geteriorateg
patches by removing unsound metertal ena sealing or replocing them with epoxy mortar,
All_ungound meterisl shall be removeg fros ceteriorsting petches, w=hen the removel
of uneound meterlal exceedd | Inch TR depth tRey ih‘TT’uc‘bu beck w Gry be

4
ahotcrete, or an epprroved wpouy morter, Photoorephs AL DL AL LI L

petches,

T.4 Exiatiog Pains.dLripss.

A vyeliow strip of epoxy peint 8 loceteo on both ends of the {nterior face of the
lock”e south well, The é=foot wide vertice)l stripes extenad from the top of the
perapet wall to teilwatsr loevel, The portion of the peinted etrips below the level
of the rosdway deck shall receive Bsurface preperstion o8 specitiso for concrete
surfaces and ell loose paint and pPeint bonded to unsounc material shell be removed,
Peint which s tightly bonded to sound material may remein (N place ano the sprey~up
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cOuting nater1al shell t¢ appliec over ft, Strtpes shall ve repainted o8 specifieg

'O pareureph: wEPLALE PAlLT STRIFES, 4
7.5 Lebras Lasuoaal. 1
waste ang wash weter from surtface i repsrations of the lock wall snall pe ©

controlley to minimirze the amount of matertal thet enters the lock cherber, The

Contrector shal) provide & catch or trough at the base of the sres being cleaneo to

trap meterial Leing removed, woste water, and sand from ssncblasting operstions, Tne
trough shall extend out fnto the lock chember gt least 6 feet from the Jock teace,
snall nraye st least ¢ feet of freeboard above the top of debris sccumulations In (¢,
shall provice for arainage through 8 screen for any wash water, and shall extena et
least & feet 1n the upstream and downstresm dfrections past the sres bLeing cleaned,
Collecteo gebris shall be aiaposed of at the waste dispossel ares tndiceted on the
arawings,

b, APPLICATIUN UF SPRAY-UP MATEKIALS,

8.1 Pregacationa.

The surtaces to receive sprsy=up costings shall be preparso #s specified §n
parsgrephs SUKFACE PREPARAT!ON, The prepared areas shall e _coated with _the
Lequireg  eprey-up Syster within 4 weeks 8fter it® preparstion, In acdition, {f thre
prepared surface has gohe through & lockege since final wesh cdown after completion of
the preparation, 1t shall be rewssned prior to the applicetion, The surface shasll be
orsinec and without visible free surtace water ot the time the coatings are applfed,
A “"sstursted surface dry condgition®™ or drier 8 required, Blowing witlh compressed
sir to facilitate drying may be requireo to obtain this condition, The surfece to
receive the spray=up coating shall not have been fnunaated by weter {n the fock
within 8 hours prior to epplying the costing,

8.2 Aysilaple Excertias.

The use ot tiberglass fibers in "spray=up” epplicetions is relatively new, but, (t

'8 8N scCepted, common, anc stendard procedure in some parts of the country, The
sgaition of letex to the orocess {8 one further refinement, Two sources of
information concerning the oprocess ond {ts application asrel (1) 8ua Moltleay,

Keintorced (ement Marketing Livision, Uwens Corning Fiberglass, Fibergliass Tower E8,
Tolego, (Uhio 43059, Telephonet (H419)248-8832 ond (2) Glss=Con Inc,» General
CLontractors, 9320 James Ave, South, Minnespolis, Minnesota 55431,
Telephone: (612)881-5887, These reterences have given permissfon to f{fst their names
as sources of asssistsnce and genersl ntormation. However, ony exchange of
intormation between the Lontractor and these sources i8 strictly between the two
parties and shoula not be construed to be & pert of this contract,

8.3 batchiog and Mixing.
8.3.1 fGeperal.

The Contractor shall provide en onesite dependeble batchetype mixing plant ena/or

volumetric batching and continuous mixing plent, The equipment shall be capable of

* combining the sggregete, cement, admixture, letex, and weter into & uniform minture a
and of dischearging this mixture without segregation, Adeauate fecilities shall bde
provided for the eccurate measurement and control of each of the materials entering
the ahotcrete. The complete plant assembly shall include provisions to facilitete
the inspection of all operations at al) times, The Contrector ehell hove aveileble '
at_the jobsite eny required stendby equipment, spare parts, snd supplies_necesssry to
2reveni breskdorns from ceysing excesnsive Jelave to The Spray=up operations,

9.3.2 Agmizilucfe. |

An  accuraste system for meesuring snd dispensing the admixture shall be provided,
The oyestem shal) include @ cevice visible to the plant operator which will cetect and
indicate the presence or absence of flow of the edmixture, or there shall be provided
8 convenient mesns for the plant operator to visuelly observe the asdmixture n the
process of being batched or dischargeds, A gradueted beasker or flask masy be used to
meesure end batch the admixture for osmell (lesas than decubic ¢foot) batches,
Agmixture shell be edded to the mix simultaneously with the weter,
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b.3.3 npeiub_hatcnipa sog Mialog.

The batching ana mizing plant tor shotcrete snall provice separste Lins or

* compartments for sQgregate ana coment, The compertments shall Le of ample s1ie any
80 Constructed thet the raterisle will be maintainec seperated uroder ell worcing 3
canaltions, Cement shall De weighed whether on & separaste scale or curuloatively witrn &
the asggregete in @ sepsrate compartment attachea to the aygregaete welyhing hOLji.er,
1f coment {s weiQghed on the same scele o8 the agoregetes, thre coment shall ve weliurea
first ond el hoppers shell be empty and the scel® shall e 1n balence tretore thre 1
welghing {8 begun, Cement may be batcheo Dy full tage essuming that one bay equals {
94 pounds, wmater and latex may b messured by weight or vy volume, Letex must ©pe N
thoroughly mizxed petore and during the time eny arum of tt {s used, It not xept >
sgitated by thorough initial mixing end periodic estirring afterwarde, the solioce
portion ano esnti~foaming agent may seperate from the weter 1n the vlena, It measyrec
by weight it ehsl) not be weighed cumyletively with any other inyredient, The plgnt
shall be srresnged to facilitate the f{napection ot a&ll operations at 8ll tires,
Fecilities shell be proviceo tor reasdily obtaining representstive sarples of
aggregete from each of the bins oFr compartrents, OPelivery ot natervels ftrom tne
batching eaquipment shall be within the following 1imite of accurecy for escn
naterfalg
tatarial baccant by geioht i
Cement []
hater L s
Aggregete [
Admixture [
Latenx 4 4
- Fivers 7 Y L

8.3.,4 yoluzsatric Beiching_spgd.Mlaing.

It volume proportioning plant is emploved, ocevices such a8 counters, celibreteo
gate openings, and/or flow meters shal) ve aveilavle for controlling ano cetermrining
the quantities of the ingredients discherged, In operation, the entire messuring ano
dispensing mechanism must produce the specified proportions of esch ingregient, Al
fnaiceting cevices thet bear on the eccurscy of proportioning eno mixing of snotcrete
shall be {n tull view and near enough to be resd by the operetor while concreate s

‘ veing produced, The operstor shall have convenient sccess to sll controls, The %
| proportioning end inciceting devices shell be inadividuslly checkea by tollowing the

equipment menufecturer’s recommendetions as related to each indivicuel shotcrete

batching and mixing wunit, AgeqQuete atandarc volume measures, sceles, and weights

shall be made sveilable for checking the accuraCy ¢t the proportioniIng mechanism,

Tolerances ftor volumetric batching shall De the same 9 they ere for weigh batcninrg.,

Continuous mixers ahal)l be en suger=type Mixer Of any other type sertasble for mixyng

shotcrete of the mix oproportions given to meet the reqguired consiatency ano

untiformity requirements, Etach bestching or mixing unit, or both, oehall <cerry in a

prominent place o metal plete or Pletes on which are plainly markey the gross volume -
ot the unit (n terms of mixed shotcrete, Ofscherge speed, and the welQht=calibratec

constant of the mechine in terme of & revolution counter or other output indicetor,

The mixer ghall prooguce @ thoroughly mixed and uniform snotcrete, IJhe batcher=mixer

unit ehall contein In sepearate compartments sll the necessery i1ngredients needed tor

the manufacture of the ehotcrete, The wunit oshell be equippeg with cealibretec

proportioning devices to vary the mix proportions,

8.3.5 gatchina filpsca.

Fioers of different types have Deen successtully adoges to shotcrete by » number of

affterent techniques, The Governmgnt hes had experience in these proceoures, Ilhe
sctusl procecure used shall be determineo by the (ontrector anc shell be Hhts
reponeibility, T a 1 o iptectortily uemonstrateo in the tielo

SDsfora approval tor proouction _operationa 1s  grantad, Fibers tfor the spray-up '
process heve been osuccessfully added st the noxzle by chopping them frorm & reel of ;
continuous strend while simultansouly spreying the morter, Proceoures ftor fiber
scodition at the nozzle shel]l be osuch that the tioers are unitormly gistributec
throughout the mortar matrix without isolateu concentrations or holiocevs, It thne
Contrector propones to 8dd the fibere to & dry or wet mix during the betching anc
mixing or delivery process, the Contractor must Jdevise equipment and techniques that i
wil) prevent any fiber clumpe from entering the lines ana must prevent the i1ndiviousl
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tiigrents of tre titer,lase stra-g tco* scparating, Fibers shall not ve poced to
4"y Jfy OF =el miz at @ rate Taster tran they can be vlengea with the other
ynuregirents without toratr; talle or clu~pe, bulx tirers that heve & tendency to

tenyle together shall pass thrcuyh @ Cistributor or be cerefully sifted into the min
SU thet they enter 1t a8 1nCiviOuel eievuntes and not as clumpe, Difticulties heve
teen encountered 1n the cast whon atte~pting to ecd tipergless ftipers {nto &

conventional shotcrete process.

o.%.0 pmey Miaxlhelixecy beocasd.

dccumulations of Jumus ang hardenea materisis in the mixing and del{very eaufprent

«111 nPot uve rpermitteu, After completiun of mixing, the mix shall be meterea into @
gelivery nose and conveveo Ly compresseo air or & pump to the nozzle, The comgressor
or pump shall te cavatle of providing Bufficient nozzle velocity for sesdeauste

compaction of tne shotcrete ot 8ll eleveations of operation thet may Le required,
nhen necessary 4 blowsby pire snhsll De provided for clesning the surface and cleaning
a=ay rebound,

b.3.7 Urx “ixluelixerx_brocesa.

Accumulations of rasrdeneg materislg 1n the mixing and gelivery equipment will not
ue permitteo. Ine moisture content of the sond shell be such that clumping of the
"Ury"™ mix Oces not occur ana 80 that the mix wil) flow through the celivery hose at o
unytorm rate without slugs, Ury=mix celivery eauipment shall be of cesign ana e)2e
which has yiven yooO results in aimilar =0fk, It shall pe capeble ot delivering the
prenisec matertals accuretely, uniformly 8nad continuously through the dJdeifvery hose
at  a veloctty ot 300 to 4UU feet per second, The discharge nozztle shell be equipped
with & manually operatec weater injection system (weter ring) for directing an even
gistributyion of water through the delivereod mixture, The woter nozzle shell ve
capable ot resay sajustment, The air conpressor shall be capable of maintaining @
supply of clean, Ory a1r sgequate for meintsining sutficient nozzle velocity for all
perts of the wark and for the simulisneous operstion of & blow pipe for cleaning swey
rebound. Application of fiberglass reintorced shotcrete through the dry mix process
has, at ovest, had nmargina) osuccess 1n the past, Use of tatex in the mix further
complicates tne problem, It coula be handled through a separate "water”™ ring at the
nozzte, Uespite past Jdifficulties with this method ot spplicetion for glass=tfiber
mixes, it can DbDe much taster and more economical than the Bsprasy=up method,
Theretore, if the Contractor can acdequately demonstrote & special dry=mix delivery
metnoag that cen evenly mix and apply the scecifiead coeting formylation and obtain the
sume quality resuits es the stancard method of application the Contracting UOfficer
will spprove 1ts use,

Y, APPLICATIUN,
Y.l Ltersgooel.

Yelel wualitficesion.

ihe spray=up coeting shall be placed only by operetors skilled in this type of
work using the same kind of eauipment to be used by the Contractor, Each nen
shall have had at least 2 years experience es_§ shotcrete nozgleman, A
the ‘nogjlemon shall have served at least 6 months _espprenticeship on _afeilar

applicaty with m All other nozzlemen shall
hnave hao at lesst 2 weeks of "hands=on® training anc shall have cemonstretea & skill
* 1n spplication, At leest S5 dsys_prior to con Y] 1 ant CASLOL
shall_ suomit writlen documentetion {nciceting where and when each nozZlemen eno_
fgreman opbtained his experience and training in applying coatinges sesimijar to the
-secev-yp coating specified herein, .

9.1.2 Socax-ug lestr Pangls.

ach = w esoostrate their abiliity to perform
setinfactorily and to apply costings of the required quality by placement of test
panels., 1he test panels will be sveluated by the Government on the bs ot reletive
strength, thickness, fiber aistribution, etc, One setisfectory test penel shot in a
i i waliticetion test for each crew before it s

xerpitteg _to epoly sprav-uyp _costinge in _permsnent construction, The test pernel
3 R1, 79DEC18
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placement gohall be me0e egeinet @ ply=000 surftace st least 9-sq.ere feet (n ,res
proviced by the Contractor, All tast panels onall e mage 'n the rerscnce of the
Contracting Utficer’s Kepresentative.

9.2 Shotcrele Aeelicaliog. ]

9.2.1 Geoecal. 4

The spray=-up coating shall be eppPlied by holding the nozlle st such @ Orstence ana S
position thet the streem of flow materisl shall impinue a8 nesrly 68 pcossinle ot M
right englee to the surface baing coverea to Proouce & spresging effect over ¢ small
area., Thg velocity of atecharge from the nozzler the Jistance of the noltle from the
face, and the aemount of weter used ahall be regulated to produce & Uense coeting,
without sloughing, The work platform from which the crew 18 epplying the costing
shell! be wide enough to allow the nozzle to be held the proper distence from the lock
well. Repounding material ahal! be rempved from the work aree end aispoted of st the
wasste cisposal area. The coating shell heve s minimum thickness of 3/8 1nch measureo
trem  the_lock wel) surfece existing after surfece preparation. Ihe Contractor shall
provide & method of positively denmonatratTrRg tRaY ™ IR " FaguUYrRY thickness nas oveen
obteined and the thickness ehall be continually checked during epplication of the
coating. Une method of doing thies 18 through the use of probes stabbed 1nto the wia
{mnedi{ately after applicetion, The Government reserves the right to sew or core
random aress from ({neplece shotcrete for testing aend to verify the required
thickness, _An additfonel 3/€=fnch thickness_of spotcreting s wili_obe reqautred, at no_
caat to the Goverpment, for aress found_;g_lockﬁlp. requirec mir m‘n!num th\(hne Y

9.2,2 Additiooal_Rsauiresspia-tar.Glass=fibsc.3hotczaie.

The tibergless fiber reinforced spreayup meterial ln‘Il ve applifea in leyers 1n
order to obtsin the reauireg thickness, 1The first la wil -
spplied withoyt fibers and pressed into the wall surfece -hor. necessary to inpure
complete contect with the exfisting Concrolo ‘surfece, Ine fiter reinforced spray-vp

coating shell then he spplied in st leest foupr successive ‘!""? Eosch leyer snhell
ng

be rolled with s device similer to & oorro(od pe1nt roller hav @ hard surtfece 'n
order to densify and smooth the surface, Etech osuccessive layer shall e asppliea
before the expiration of the nix set time, _All coeting epplicetisn work snel}
prograss_downwerd from the top af tha lock mella ip prder.to Aininile. 8N800 —toLha
neuly applisd.coatings.

9.3 Lifs Joiota.

The Contrector maey ti1] the chamfers at the existing hortfzontal constructton 1fft
Joints with an epproved method such as Ory peck 80 that the joints ere flush with the
lock wall surface before applying the surface costing, It wi)) pe eccepteble to
teave the chemfered 1{ft joints es {9, without filling them, and only cover the 1ift
Jointes with the required thickness coating es long as an ascceptable Qquality of
epplicetion can be achieved,

9.4 Mopolith ldoints.

The spray=up coeting shall be discontinuoues aCroes eech vertical monolitn joint oy -3
using & sheetmetal or thin plywood batfle oOr other epproved method to maintain
existing Joint widths, JThe Contrac hyl " []
tin t the monolith 8

10, CURING AND PROTECTIUN,

10,1 Lurigs.

All_applicatiaon of ahotocets_aball be achedulsd and Cosulelsd A0 A0AL SAS0LALRA AL
cnno1.x-n.annlxnnsinn.Ll.uﬂ&.lsk{:&&%ﬂ.ssﬁzzlzs“" within 3o hour plicetion,
Curing shell be accomplished by leaving the complieted costings expode ¢ aif ang
keeping coatings dry fros al) forme of moisture, including rain, ee required oy
protecting with an spproved cover throughout the entire cure pertiod,
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10.¢ tzrolccliQo.

Loastey surfaces srall te protectea at 8ll times from démage of eny k1na due to the
Lurtractor®s octivities throuuhout the ouretion of this Contrects The Contractor
-'11 not be responsible tor any vensyed coatings caused by bLoet traffice other then

RV Omn, when the lock 18 1N serviCe.

11, HKLPLALE PaIwT SIRIFES,

11,1 Geogcad.

fhe ©oO=fgot wide vellow LaInt stripes which were covered with spray-up coating
retertg! snall Ve repainteg in therr orfiginel locations, Stripes shall be peinteo
withn two coats of paint from the tob of the parspet well to tefliwater fevel at
elevation w40, V,

11,2 Paipi_deiscial.

Paint shall pe two-component epoxy-pPolyamide paint cepadle of secono coat
application witnin 4 hours of first coast epplicetion, Physical eno chemical
wroperties of caint shell remgin unaffected whan totelly immersed In water &8 hours
aftter sspplicetion, Color shall bDe yellow No, 13655 contorming to the listea chip of
fFea, Sto. Y958, "Colors,” Paint sveitable ss an “off=the=pghelt” {tem meeting the
above requirements 1s aeveiladble from Woods Peint Co., 0932 3,w, Macecem, Portliend,
Un 97219, lelephone: (SU3}244=7512, Mr, Tom Braden, treoce nemed "kopon Epoxy,*®
manufacturer’s color No, 22949 “"Satety Yellow®, Paint proposed for use other than
*Kopon tpoxy®™ sehell be accompenieo with o signea certificete from the opaint
manutecturer 1ndiceting that the paint proposed for use meets all the sbove specified
requirements and that it is & premium grsce of paint,

11.3 Surclace Pregaratiop.

PYaint _snsll  pot _be epplied to spray-up cgeting _meterjel prior to the enc_of the
specifiec lo-nour cure periog. Surtfaces to recefve psint shell be Ory and free ftrom
o011, yresse, Oirt, dust, ano other contaminants, Exfeting spoxy peint on the parapet
weall which 18 lpoose or tlaking shall be removed, Remeining surfeces of existing
paint shall be clesney as recommended by the patnt menufecturer,

11.4 suulicarion.

Yricr to use pai1nt shall be storeo unocer covelr ot a tempersture of at leest
TV aeyrees . ahgre thinning is required to obtain optimum gpplicetion results, the
recommencations of the paint manufecturer as to type and amount of thinner shell oe
tollowea. Paint shal) ve mixed in sccorcance with the menufacfurer’s ynstructions,
tach coat snhall pe sppliec st § coverage rate not to exceed 300-squere feet per
yatlonr, Ine second coat of paint shall be applied wfthin 4 hours after spplicetion
of tne first cost, Paint shell be spplied by spray, brush, or roller, Argas to
receive paint shall be mesked of other measures satisfectory to the Contracting
Utticer’s Hepresentative shall be taken in order to protect edjacent surteces from
overspray ano slobbers end to produce stripes of uniform width with straight vertical
lines, Paint applicetors ana hendlers ehell wesr respirstors, rubber gloves, ang
protective clothing,

1¢. GUALITY CONTRUL,

{n accoruence with the SPECIAL PROVISIONS, the Contrector sheall ({nepect for
compliance with contrect requirements including but not limited to shotCrete batching
redutrements, misz proportions, end consistency st the jobsite, placing, curing, snd
all otrer tests sno inspections specifiea or required, Prior to esth plecement of
sprey=up coating the Contrector’s Quality Control Representetive sheall certify in
writing Oof Ly an spproved check=out form that surfece preparstion {8 (n accordence
w1th the plans and specifications, As & minimum, the Contrector shall be reauires to
perform the followings

(1) A mintmym of two s8nd Qradetion end one send molsture content test per shife,
A recheck sample shall be testea on any teat not conforeing to specification
requirementse,
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(2) Mix proportions including eena, cerent, ®dmisztures, fiters, latern 8n0 .arer,

(3) vYeasure air content of plastic mix atter {t has Leen sjroyed 1rom the rozgle,
Two times per monolith will be requireda,

(4) Kecorad tiberglens fiher length,

(S) Conaguct tlow end wornability tests 1n 8ccoOrdance with the recormenyatiuns ot
the supplier of the fibers, Two por monolith will e requirea,

(6) Measure or sccurstely estimate anc recorog the amount of revouna for each
vey’s placement (in percent),

(7) Hecord and check mix proPoftions at least once per shitt ftOr weign Latching
ana se8 recosmended by ASTM C 685 for volumetric batching ana cortinugus rixing
plentse,

(8) Record ampient temperatures two () times per gnift at 4=-hour intervals.

(9) Cest shotcrete 3/8=fnch x 24=fnch x 24=inch specimens §n Cortractor=furnisheo
molus, Two per monolith will be reauirea,

(10) Determine final depth of the sprey~up coating uJuring apglicetion,
The Contractor shall employ personnel qQualified to make requirea tests for aquality
control and shell report all test results on forms turnisheg by the Government, A

copy of records and tests, es well as the records of corrective sction taken, snall
be furnished #9 hereinbefore specitieo,

'EEEE)
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EXHIBIT 6

REPORT GF TESTS ON FIELD-CAST FIBERGLASS-REINFORCED
LATEX SPRAY-UP PANELS

Item Description
1 Letter Report from Division Laboratory E
2 Tabulated Laboratory Test Results }

3 Load Deflection Graphs of Flexural Tests
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ADDRI SS Rt PLY 10 U.S. ARMY ENGINEER DIVISION., NORTH PACIFIC
DIRE CTOR CORPS OF ENGINEERS

NOT 1O INDIVIDUALS
NORTH PACIFIC DIVISION MATERIALS LABORATORY

RT 2 BOox 12A
TROUTODALE OREGON 97060

NPUEN=-GS-L (80-C-710) 22 September 1980

SUBJECT: Lower Monumental Navigation Lock, Report of Tests on Field
Cast Fiberglass Reinforced Latex Spray-up Panels

District kngineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference:
a. Your DA Form 2544 Order No. E85800097 dated 17 July 1980

b. NPD kForm 300 dated 15 April 1980 covering transmittal of
fifty-one nominal 1/2% to 3/4" x 24" x 24" fiberglass reinforced latex
shoterete panels (rec'd 4/15/80).

c. Telecon 15 Aug 80 to your Mr. Schrader, NPWEN-FM wherein
preliminary results were reported.

2. Attached confirming telephoned information is report of flexural
strength, center point deflection, tensile strength, and freeze-thaw
durability tests made on the above panels. Included are:

a. Incl 1, Report of Tests on Fiber Reinforced Latex Spray-Up
Panels.

b. Incl 2, Graphical Report of Typical Deflection Curves for
three Latex Spray-Up Panels.

3. The fifty-one 24 x 24 inch fiberglass reinforced panels were
numbered at random when received. Panels ranged from 0.30 to 0.88
inches in thickness with one formed and one rough "as sprayed" face.
Due to the time and cost required for milling the sprayed face to a
plane surface, the panels were tested as received. Thickness was
measured from the formed to the estimated effective cross section of
the sprayed face.
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NPDEN-GS-L (80-C-710) 22 September 1980
SUBJECT: Lower Monumental Navigation Lock, Report of Tests on Field
Cast Fiberglass Reinforced Latex Spray-up Panels

4. One nominal 2.4 x 12 inch test piece was sawn from each panel for
flexural strength and center point deflection tests., Additional test
pieces were sawn from nine panels for duplicate tests. Flexural
strength was determined by third point loading, simple span = 10.0
inches. A total of twenty-nine panels were tested with the formed
face in tension and thirty-one with the sprayed face in tension.
Deflection was measured at the center point. Freeze-thaw and tensile
strength tests were made on six each nominal 2.4 x 6 inch test
specimens from panels Nos. 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, uu,
and 48. Freeze-thaw specimens were soaked 48 hours prior to test.
Tensile test specimens were loaded in direct tension by use of chain
coupled clamps. Tensile strength ranged from 720 to 1300 psi, with an
average strength of 950 psi. The freeze-thaw test specimens had an
average weight gain of 0.5 percent at 300 cycles. It is believed the
weight gain was due to additional water absorbed during over the 25
days of test. Apparently this weight gain was greater than the slight
loss due to the freezing-thawing erosion.

5. Average flexural strength of the specimens tested with the formed
and "as sprayed: faces in tension was 2250 and 3500 psi. respectively.
Results of duplicate tests made on specimens from nine panels
confirmed flexural strength was effected by orientation of the panel.
Average flexural strength for the nine sets of test pieces, from the
same parels, with the formed faces in tension was 1890 psi versus 3360
psi with the "sprayed" face in tension. 1In eight of the nine test
sets the sprayed face had a significently higher flexural strcneth
with one set approximately equal. Detailed results are shown in
Inclosure No. 1., Additional tests were made on pieces sawn from three
panels to (1) determine the reliability of the test equipment and
method and, (2) to determine the consistancy of the panels. Results
were as follows:

Panel Flexural Strength, psi

No, 2 7 3 Avg
6 1800 2140 1970
15 3400 3530 171C 2880
34 2360 2660 2580 2530

Results indicate the panels are generally consistant in quality and
the test results are reproducible. The reason for the difference in
flexural strength due to the orientation of the sprayed and formed
faces is not definitely known. The sprayed faces were quite rough
with a surface relief of approximately 1/4-inch. A combination of
fiber orientation and localized crushing under the loading head and
supports may have been a contributing factor.
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NPDEN-GS-L (80-C-710) 22 September 1980
SUBJECT: Lower Monumental Navigation Lock, Report of Tests on Field
Cast Fiberglass Reinforced Latex Spray-up Panels

6. Analysis of the deflection data indicates the flexural beams had
little residual strength capacity after the ultimate strength was
obtained. Deflection readings were difficult to obtain cnce the
ultimate strength was reached as the beam load capacity generally fell
rapidly to near zero or the beam failed completely. The deflection
curves shown in Inclosure 2 are typical of the flexural beams tested.

8. This completes all work requested

Incl (dupe) T EORGE
as Director
3
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NPBER-Gh oL VRO - 10 LOWER MONUMENTAL 22 str T
Repurt of Tests on Fiber Retaforced
latex $pray-Up rtancis
Flvxu(nl” Ik‘fh-v(hml/
Panel Strength, psi ¢ Ultimote fensile ¥ Frevze-thaw
Fanel Date Depth, Tensile face Load, Strength, T Loss by
dentifira Elevat jun VPlaced inches Formed hot inches psi WU ! S00 cvdles
“ SoM Tatex dest - - 0.82 3790 0.35 + 0.9
23 Mono. © 562-548 3/16 0.35 2920 u.6u
[N Mo, Tt S40- 545 17 o.M 2530 5230 n.v
" Mane, tn il s 060 10950 i 1
' Mo 7 N0 (VA% ] 0.39 3 g 0,60
9 Mouo. |9 510-51% 39 0.42 2180 0.2%
15 Mouo. 16 525-930 3/20 0.30 4270 0.73
19 Mono. 17 520-52% 321 0.46 1980 0.40
24 Mono, 23 515-520 3/22 0.65 2120 0.32 + L8
17 Monn, 22 505-510 23 0.30 4340 0.48
’u Mo, 1) AY5- 500 $/24 3.58 1480 a.09
i Minie, 1Y 0= 2 0.47 2880 6060 .41
Mona, 12 495-500 3725 0.50 3800 0,13
22 Manu, 19 490-495% 3/25 0.50 3750 0.38
38 Mono. 18 495-500 3/25 0.47 1820 0.13
32 Mono, 9 485-490 3/26 0.59 2920 0.1 910
4} Mono., 9 480-48S /27 0.41 5610 0.23
0 Mona, 10 485-490 3/27 0.53 3650 0.32
3 Mono, |7 485-490 3727 0.65 1090 3610 0.25
25 Mo, 2k 499-460 /27 0.79 1210 018
f LR AN ] 3/28 0.47 1970 1510 0.23
L =470 328 0.58 4000 0. 4R
] 465-h70 3/ 0.51 3880 0.92
4 Moo, 22 465-470 3/28 0.48 1770 1790 G.15
18 Mono., 64 455-460 3/29 0.63 4730 0.32
N 5 460-465 " 3710 0.45
la 14 465-470 " 0.44 4170 0.55
7 27 455-460 " 0.64 1430 0.08
4 Mono, 3 460-465 3/30 0.53 110 0.16 884
S ) 450-455 " 0.81 1550 .18
1 12 455-460 " 0.25 4610 0.47
I Mo, & Ah5=450 /N 0.50 2560 0,5 an
K s RN * 0,60 1470 ALID (IR + 01
'. " v " 0,464 1750 210 WAl [N
W B " " " 0.%8 4240 .9
vy e v " 0.47 3500 .49
17 27 " " " 0.88 2150 0.25
21 Mono. 7 475-440 4/1 0.36 1860 0.41
6 8 " " " .44 4060 a.33 + 0.5
V7 8 440-445 " 0.60 1500 0.21
S0 49 435-440 " 0.47 2200 0.139
a2 1) . " " 0.62 2640 0.21
41 14 " " " 0.56 2890 -
19 Is L60-447% " 0.53 1790 n.29
[} [ AVi-ann " 0.47 4190 (L
R 0 oo " 0.8 2620 nos
o Nl AT " 0.k 410 0.4l 940
NY) 2 v - " 0.74 1170 33150 0.24 + N
% Ll 435-4an " 0.70 3160 0.51
ah tu oo " 0.26 4820 0.60 s 0.0
“h 2 4uD-445 " 0.47 2620 0.22
Number fests 29 11 50 6 6
Average, psi <2250 3500 0.15 950 + 0.5
Ranye, psi 1050 1480 0.09 720 0.0
to to to e te
4820 5240 0.7 100 noo
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APPLICATION OF THE SPRAY-UP MORTAR AND FIBER:
TFORM. FIBERS FROM THE "NOZZLE" AND "CUTTER HEAD" DI
MONOLUITH 9 FROM A FLOATING PLATFO THE TRIAL COATING OPERATION. ROLLING OF THE €'
IS BEING DONE IMMEDIATELY BEHIND THE SPRAY
APPLICATION.

R o A S

X
. R P R R K" AU AR RRS R |
TWO TYPICAL CORES TAKEN FROM THE LOCK WALI
THROUGH THE TRIAL COATING. THE CORE ON THE
SHOWS EXCELLENT BOND OF THE COATING TO THI
CONCRETE. THE CORE ON THE RIGHT FAILED AT TH
INTERFACE ALONG UNSOUND MATERIALS NOT PR¢
CLEANED FROM THE SURFACE BEFORE APPLICATION

APPLICATION OF ONE OF THE 10 FOOT THE COATING.
WIDE TRIAL COATINGS FROM A
CROWDED HANGING SCAFFOLD.
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PPLICATION OF THE SPRAY-UP MORTAR AND FIBERGLASS

BBERS FROM THE “NOZZLE” AND "CUTTER HEAD” DURING
E TRIAL COATING OPERATION. ROLLING OF THE COATING

=14l
APPEARANCE OF THE LOCK WALL 9
MONTHS AFTER APPLICATION OF THE
TOTAL COATING VISIBLE IN THE

FOREGROUND. THE UNCOATED WAILL IS
IN THE BACKGROUND.

'l"‘A"'1’_’5‘!"'l"“"‘l"éj"""‘l""'9{"'|"'l""'ul"""'l"'l'm"'l“'|"'||'8\'"|"‘l"‘l‘.‘;\," e .

WO TYPICAL CORES TAKEN FROM THE LOCK WALL
ROUGH THE TRIAL COATING. THE CORE ON THE LEFT
OWS EXCELLENT BOND OF THE COATING TO THE BASE

DNCRETE. THE CORE ON THE RIGHT FAILED AT THE
ERFACE ALONG UNSOUND MATERIALS NOT PROPERLY
ANED FROM THE SURFACE BEFORE APPLICATION OF

E COATING.

PHOTOGRAPHS OF THE TRIAL COATING
PLATE 4
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TRIAL SURFACE CLEARING WAS DONE PRIOR TO
PREPARATION OF BIDDING DOCUMENTS TO CONFIRM
WHAT DEGREE OF CLEARING WAS NECESSARY AND

COULD PRACTICALLY BE ACCOMPLISHED WITH VARIOUS
PIECES OF EQUIPMENT IN THE FIELD.

A HIGH PRESSURE WATER JI
6500 PSI FLAKES OFF THE O

o g4l R 23 4 Id Y
s e Tl T z,
v ’

TWO EXAMPLES OF HOW EASILY THE UNSOUND Y% INCH (APPROX) OF SURFACE MORTAR WOULD
NOT ALREADY SCALED AWAY.

PHOTOGRAPHS OF SURFA




A HIGH PRESSURE WATER JET OPERATING HERE AT ABOUT
6500 PSI FLAKES OFF THE OUTER LAYER OF UNSOUND MORTAR.

F SURFACE MORTAR WOULD FLAKE OFF WHERE IT HAD

OTOGRAPHS OF SURFACE CLEANING TECHNIQUES
PLATE 5
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WORKING FROM BARGES TOAPPLY THE LOCK WALL LOCK WALL ABOUT 75% COATED
COATING NEAR THE UPPER LIFTS. WITH THE WORK BARGES.

‘ o . .

APPLYING THE MORTAR SIMULTANEOUSLY WITH THE

FIBERGLASS FIBERS IN AN AREA OF MINIMAL SCALING SR%MO:J:;T)?EUR SPRAY-UP UN';S
NEAR THE TOP OF THE LOCK. R IN THE TUB AN

PUMP. IT IS PUMPED THROUGH THI
WHERE IT IS ATOMIZED AND SPRA)Y
SIMULTANEOUSLY CUTTING THE FiB
OVERHEAD STRAND AND BLOWIN(

. o N

PHOTOGRAPHS OF CONTRACT RE




é o *® '( “
LOCK WALL ABOUT 75% COATED AND GOING DOWN
WITH THE WORK BARGES.

P

ONE OF THE FOUR SPRAY-UP UNITS. MORTAR IS BROUGHT
FROM THE MIXER IN THE TUB AND DUMPED INTO THE GROUT
PUMP. T IS PUMPED THROUGH THE HOSE TO THE NOZZLE
WHERE IT IS ATOMIZED AND SPRAYED ONTO THE WALL WHILE
SIMULTANEOUSLY CUTTING THE FIBERS FROM A CONTINUOUS
OVERHEAD STRAND AND BLOWING THEM ONTO THE WALL.

OGRAPHS OF CONTRACT REPAIR OPERATIONS (I)
PLATE 6

-
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HIGH SHEAR MORTAR MIXER. THE GROUT PUMP TO THE TIMING THE MI)
RIGHT HAS THE CONTROLS COVERED WITH POLYETHYLENE MORTAR MIXER

SHEET. CEMENT IS STOCKPILED IN BACK.

IN THE LOWER LIFTS. MORTAR MIXI

PHOTOGRAPHS OF CON




TIMING THE MIX DURATION IN A CONVENTIONAL
MORTAR MIXER.

PHOTOGRAPHS OF CONTRACT REPAIR OPERATIONS (1)
PLATE 7




APPEARANCE OF THE NORTH LOCK WALL AFTER ABOUT

6 MONTHS OF SERVICE. CONDITION OF THt
IMPACT MARKS W

COATING.

T W 2 w .
. ’ -

APPEARANCE OF THE WALL COATING IN THE UPPER LIFTS APPEARANCE OF ,

WHICH HAD MINIMAL DETERIORATION. COVERS VERY RC
CONCRETE SIMILA

PHOTOGRAPHS OF CONT




CONOITION OF THE LOCK WALL SHOWING RUB AND

IMPACT MARKS WHERE BARGES HAVE HIT THE WALL
COATING.

1
R | -k r
S :?i?&t\ Il v
APPEARANCE OF THE COATING TO THE LEFT WHERE IT
COVERS VERY ROUGH AND SEVERELY DETERIORATED ‘
CONCRETE SIMILAR TO THAT VISIBLE TO THE RIGHT.
OTOGRAPHS OF CONTRACT REPAIR OPERATIONS (II) 1
i,
PLATE 8 !




In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Schrader, Ernest K.

Deterioration and repair of concrete in the Lower
Monumental Navigation Lock Wall : final report / by
Ernest K. Schrader (U.S. Army Engineer District, Walla
Walla). -- Vicksburg, Miss. : U.S. Army Engineer
Waterways Experiment Station ; Springfield, Va.
available from NTIS, [1981].

113 p. in various pagings, 8 leaves of plates (some
folded) : ill. ; 27 cm. -- {Miscellaneous paper / U.S.
Army Engineer Waterways Experiment Station ; SL-81-9)

Cover title.

"June 1981."

"Prepared for Office, Chief of Engineers, U.S. Army
under CWIS 31553."

"Monitored by Structures Laboratory, U.S. Army
Engineer Waterways Experiment Station."

1. Concrete dams. 2. Locks (Hydraulic engineering).
3. Lower Monumental Lock and Dam (Wash.) 4. Navigation.

Schrader, Ernest K.
Deterioration and repair of concrete in the Lower : ... 1981.
(Card 2)

I. United States. Army. Corps of Engineers. Office of

the Chief of Engineers. II. United States. Army. Corps

of Engineers. Walla Walla Distriet. III. U.S5. Army
Engineer Waterways Experiment Station. Structures
Laboratory. IV, Title V. Series: Miscellaneous paper

(U.S. Army Engineer Waterways Experiment Station) ; SL-81-9.
TAT.W3km no.SL-81-9
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